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ABSTRACT

A method of controlling foggmg in vehicles having a
rcvcrsihle HVAC system. First, thc method detects if con-
chtions for fo gin exist such as moisture or localized
coldspots on the inside heat exchanger Then, the speed of
the compressor is gradu ally increased, caus&ng the discharge
temperature ol the refrigerant to increase at a controlled rate.
As the temperature of the refrigerant increases, the tempera-
ture of the inside heat exchanger mcreases. Moisture that
exists on the inside heat cxchangcr slowly hcgins to cvapo-
ratc into thc air passing through thc heat cxchangcr into thc
passenger compartment. The moisture laden air llows
through the passenger compartment aml exits through door
seal cracl s and outlet venL« to the ou Lside env&ronment. After
a predetermined period of time, the mo&sture on the inside
heat exchanger has evaporated, so the compressor speed is
llicfcasecl to its st&uiclv-sta&c speccl.

16 Claims, 15 Drawing Sheets
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ANTI-IeOG CONTROLLL'R 13OR
REVERSHILE AIR CONDITIONING AND

HEAT PUMP HVAC SYSTEM FOR
ELECTRIC VEHICLES

13ACK(lROUNI) ANI) SUMMARY

Ol'IIL'NVENTION

Thc prcscnt invention rclams gcncrally to automotive
HVAC systems for controlling thc environment of an auto-
mobile passenger compartment. More particularly, the
invennon relates to an anti-fog control system lor prevennn ~

the fogging of windows in a reversd&le HVAC system for
automobiles.

This apphcauon is related to co-pendmg applications afl
tiled on Nov. 12, 1&)flg and titled Refrigerant I'low Manage-
ment ('enter I'or Automobiles, Reversible Air Conditioning
And Iieet Pump I IVAC System I'nr Llectric Vehicles, (lon-
trollcr For Rcvcrsiblc Air Conditioning And Heat Pump
HVAC System For Electric Vchiclcs, Controller For Hcatin
In Reversible Atr Con&Intoning And Heat Pump HVAC zp
System For Electnc Vehicles, Atr Handling Con&roller For
I lvac System I'or Electric Vehicles, and System I'or Cooling
L'lectric Vehicle flatteries Lach of these applications is
incorporated by reference mto the present application

Automotive climate control systems have traditionally
been single loop designs in which the full volume of
refrigerant flows through each component in thc system. In
operation rcfrigcrant in thc vapor phase is pressurized by a
compressor or pump. Thc prcssurizcd rcfrigcrant flows
through a condenser which is typicafly configured as a lon ~

serpenune coil As refngerant flows through &he comlenser,
heat ener y stored in the refrigerant is radiated to the
external environment resulting in the refrigerant transition-
in to a liquid phase. Thc liqucficd refrigerant flows from the
condcnscr to an expansion valve located prior to an cvapo- z&

rator. As thc liquid flows through thc expansion valve it is
converted from a high pressure, hi h temperature liquid to
a low pressure, low temperature spray allowing it to absorb
heat The refrigerant flows through the evaporator absorbing
heat from the air that is blown through the evaporator fins
When a sufficient amount of heat is absorbed thc rcfngcrant
transitions to thc vapor phase. Any further heat that is
absorbed raises thc vaporized rcfrigcrant into thc super-
heated temperature range where the temperature of the
refngerant increases beyoml the saturauon temperature The
superheated refrigerant flows from the outlet of the evapo-
rator to the compressor where the cycle repeats Generally,
the refrigerant flowing mto the compressor shoukl be in the
vapor phase to maximize pumping cflicicncy. Incrcasin the
volume of refrigerant that flows throu h the valve Icn thcns sp
the distance traversed by the liquid before it changes to the
vapor phase, allowing the heat exchanger to operate at
maximum efticiency.

Advances in automonve HVAC systems have led to zone
temperature control systems in which difleren& zones of an
automobile are independently controlled Zone control sys-
tems generally include an evaporator and expansion valve
for each zone. Thc rcfrigcrant flows through a compressor
and condcnscr, then is split by a sysmm of valves before
flowing to the expansion valve and evaporator of each zone. ap
The refngerant flowing out of the evaporator of each zone is
then recombined before returning to the compressor. A
complex series of valves and plumbing is generally required
to maintain a balanced IIVAC system that provides indi-
vidualized control for each of thc zones. ps

With the advent of electric vehicles reversible heat pump
systems have been introduced into automobiles. In a revers-

ibk heat pump system the HVAC system can ei&her heat or
cool a compartment depen&hng on the direcnon of the
refrigerant flo&v. In thc air conditioning mode rcfrigcrant
flows from thc compressor through an outside coil
(condenser) and into an expansion valve and inside coil
(evaporator) before returning to the compressor I feat energy
is extracted from air that is blown through the inside coil
(evaporator) into the passenger compartment thus providing
cooled air. In thc heating mode a four way valve rcvcrscs thc
flow of refrigerant through the coils, thcrcliy rcvcrsing thc
function of the coils Refrigerant flows frnm the compressor
through the inside coil (condenser) then into an expansion
valve aml the outside coil (evaporator) before reuirning to
the compressor. Heat energy in the liquefied relngerant
flowing thmugh the inside coil is absorbed by air that is
blown through thc coil into thc passcngcr compartment thus
prnviding heated air

An inherent problem with reversible HVAC systems is the
potential for fogging of thc passcngcr compartment win-
dows when thc system switches from air conditioning mode
into heat pump mode. 1)unng air conditinning mode the
refrigerant flowing through the inside coil (evaporator) is
much cooler than the warm air being blown through the coil.
Therefore, moisture within the blown air condenses out of
the air as it cools while passing through thc coil. Some of thc
condcnscd moisture accumulates on thc surfaces of thc coil
while the remainder drips to the ground. When the I IVAC
switches to heat pump mode the refngerant which is routed
through the inside coil, now functioning as a condenser, is
signilicantly houer than the air that is blown through the
coil Thc moisture that had accumulated on thc inside coil is
rapidly boiled ofl and at&sorbcd by thc air being blown
through the coil The moisture laden air is then blown into
the passenger compartment ivhere it almost instantaneously
turns the vehicle wimlows into an opaque barner.

One ol&jcct of the prcscnt invention is to provide a system
which controls foggin when changing mndes in a reversible
I IVAC system

Another object of thc present invention is to disclose an
anti-fogging method in which the rate of initial heating of
the passenger compartment is not compromised

It is an additional object of thc prcscnt invention to
provide a system v.hich controls fogging in an HVAC
system when initially starting air conditioning mnde.

Accordingly, the invenuon solves the aforemenuoned
problem l&y providing a method of controlling foggin in
vchiclcs having a rcvcrsible HVAC system. First, thc
method detects if conditions for fogging exist such as
moisture or localized cold&pots on thc inside heat cxchan cr.
Then, thc spccd of thc compressor is gradually incrcascd,
causing the discharge tcmpcraturc of thc rcfrigcrant to
increase at a controfled rate. As the temperature of the
refrigerant increasea the temperature of the inside heat
exchanger increases Moisture that exists on the inside heat
exchanger sloivly begins to evaporate intn the air passing
through the heat exchanger into the passenger compartment
Thc moisture laden air flows through thc passcngcr com-
partment and exits through door seal cracks and outlet vents
to the outside environment. Afler a predetermined penod of
nme, the moisture on the inside heat exchanger has
evaporated, so the compressor speed is increased to its
steady-state speed.

The above descnbed method is only an example. Methods
in accnrdance with the present invention may be imple-
mented in a varietv of ivavs.

13RIL&f')LSCRIPTION Ol 11IL')RAWINOS
I'hese and other objects of the present invention will

become apparent to those skilled in the art frnm the fnllow-



ing de&sile&i descnpuon in conlunction with the attached
drawings in which:

FIG. 1 is a schematic rcprcscntation of a prcfcrrcd
embodiment of thc automotive refrigerant circuit;

FIG. 2 is a cross-sectional view of the flow management
center shown in I I(i I,

FIGS. 3a and 36 prcscnt cross-sectional views of flow
manigcmcnt dcviccs embodying Ihc present invention;

FIG. 4 is a schemauc representanon of an alternauve
automotive reftugerant circuit;

FIG. 5 is a block diagram illustration of thc control circuit
intcrconncction to a rcvcrsililc HVAC rcfrigcrant circuit;

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

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

zo
I'IG 8 is a flow diagram of the compressor speed control

module for thc prcfi:rrcd cmbodimcnt of thc invention,
FIG. 9 is a diagram illustraung lhe interaction between the

expansion valve aml compressor during ihe turn-on trans&-

tion;

FIG. Pfl is a datagram illustrating thc relationship between
the tcmpcraturc cycle and a schematic rcprcscnlation of an
HVAC system,

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

FIGS. 12A anil 12B is a flow diagram of the heating mode
selection module for the preferred embodiment of the inven-
tion;

FIG. 13 is a flow rliagram of thc air-handling method for
33

the preferred cmbodimcnt of thc invention;
FIG. 14 is a schematic rcprcscntalion of a prefcrrcrl

embodiment of an HVAC syslem coupled to a bauery pack
module,

FIG. 15 is datagram illuslraung the relauonship between
a preferred embodiment of the HVAC system and its heat
load cycle; and

I'IG 16 is a datagram illustrating the relationship between
the tcmpcraturc lcvcr position and thc corrcspondin oper-
ating mode. a.

DETAILED DESCRIPTION OF THE
PRLI'L'RRL'D L&MI3OI)IMEN'I'IG.

1 illustrates an exemplary reversible HVAC system
50 for motor vehicles &hat includes an air-flow structure 52, o

a refrigerant tlow system 54, and a iron& panel 55 for
providing controfling inputs. The reversible IIVA('ystem
50 can both heat and cool the passenger compartment air of
a motor vchiclc by using thc rcfrigcrant flow system 54 in
conjunction with thc air-flov structure 52 to transfer heat 3

energy between the outs&&le environment and the passen er
compartment. In heaung mode, heat energy is transferred
from the outside environment lo air that flows into the
passenger compartment and in cooling mode, heat energy is
transferred to the outside environment from air that flows
into the passcngcr compartment. Thc refrigerant floiv system
54 acts as a storage mcrlium for heat cncrgy that is bein
transferred between Ihe outside environment and the pas-
senger compartment. The air-flow structure 52 controls the
flov, of conditioned air into the passenger compartment. An as
inside heat exchanger 88 prov&&les an interface between the
refrigerant tlow system 54 and the air-flow structure per-

milling the transfer of heal energy between Ihe reingeranl
anti the air flowing into the passenger compartment. The
front panel 55 provides a means for the passengers to control
the temperature, floiv rate, and operating mode of the I IVAC
system.

The air-flov, structure 52 includes a duct 56 through
which air &s supplied into the passenger compartment, a

blower 58 for introducing air into the duct 56, a recirculation
door 60 for controlling the proportion of fresh air to recir-
culated air, a PTC heater 62 for heating thc air, a blend rloor
60 for contmlling thc proportion of air that flows over thc
PTC healer 62, aml a set of duct outlets for discharging ur
into Ihe passenger compartment.

I'he duct outlets include a defrost outlet 64 for rlirecting
air towards thc windshield of thc vchiclc, a panel outlet 66
for dircctin air tov ards the upper cxtrcmitics of thc
passengers, and a floor outlet 68 for discharging air towards
the lower extremities of the passengers. The duct outlets
64—68 are selechvely 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

Thc rcfrigcrant flow system 54 is opcrablc in a heating
motte aml a coohn ~ moile and includes a compressor 76, a

Riur-way switch 78 for controlling the direcuon of refng-
erant flow, an inside heat exchanger 88 ior transferring
energy tietween the refrigerant and air flowing into the
passenger compartment, an outside heat exchanger 80 for
interfacing with thc outside cnvironmcnt, a flow manage-
ment ccntcr 82 for reducing thc prcssure of refrigerant
flowing into a heal exchan er &hat is functioning as an
evaporator, shul-olf valves 84 aml 86 for system protection,
zone-control heat exchanger 92 for providing independently
controlled cooling to a local region, and pressure reducing
device 90 for reducing the pressure of refrigerant tlowing
into the zone-control heat cxchangcr 92. Thc refrigerant flow
systcni 54 interacts with thc air-flow structure 52 and thc
passenger compartment through lhe operauon of the insnle
heat exchanger 88 dunng the heaung aml cooling moiles.
The funcnon ol the inside heat exchanger 88 changes in each
operating mode; during heating mode the inside heat
exchanger 88 functions as a condenser transferring heat
energy to air that passes through air-flow structure 52 into
the passcngcr compartment and dunng cooling mode thc
ansi&le heat exchan er 88 funcuons as an evaporator absorb-
ing heal energy from the air &hat passes through air-flow
structure 52 into the passenger compartment.

I'he compressor 76 is driven by a variable speed electric
motor (not shown). Varying thc spccrl of thc electric motor
causes a commcnsuratc change in thc suction prcssure and
refrigerant ihscharge capacity of compressor 76. Although
the compressor in the present embodiment is a vanable
speed compressor, it is ivithin the scope of the invention to
employ a single speed compressor I'he four-way switch 78
is connected between the compressor 76 and the heat
cxchangers 80 and 88 to provide a method of changing from
air conditioning mode to heat pump mode by rcvcrsing thc
ihrecuon of. refri erant flow

I'he inside heat exchanger 88 functions as 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 thc air blown through Ihc cxchangcr
88 is comhuoned pnor to passing over PTC heater 62 and
being discharged through the duct outlets. Shut-olf valve 84
pri&vides a means of inlerrupung refngeranl flow during
HVAC operating modes that do not require operation of
inside heat exchanger 88 L'xamples of such operating



modes include disabhng operanon oi the insnie heat
exchanger 88 as an evaporator allow ambient temperatures
that could result in freezing of the heat cxchangcr 88 clue to
condensation, anti morlcs v herc only secondary heat
exchangers are operational such as zone control heat
exchanger 92. Such operating, morles inclurle cooling of a
bauery assembly and cooling of pre-selected regions wnhin
the vehicle 'I'he flow management center 82 reduces the
pressure of and expands the refrigerant to be supplied to the
inside heat exchanger 88 during a cooling operation

The outside heat exchanger 80, which is generally located
towards the front of the vehicle, exchanges heat between the
outside air and thc rcfrigcrant. A fan 94 cnsurcs a constant
supply of outsirlc air flows through outside heat cxchangcr
80. During air conrlitioning mode thc outside heat cxchan cr,s
80 lunctions as a con&tenser providing a means R&r the
refngeranl to shed heal to the outside air. Dunng heat pump
mode the outside heat exchanger 80 functions as an evapo-
rator alxsorbing heat energy frnm the outside air into the
refrigerant. zo

The flow management center 82 provides a centrallwed
device for reducing the pressure of refrigerant flowing into
a heat cxchangcr 80 or 88 functioning as an evaporator anti
acts as a source of high prcssure liquid rcfri crant for
secondary heat exchangers Convenuonal circuits use a

separate pressure reducing device wuh bypass plumbin ~ for
each heat exchanger thai Iuncuons as an evaporator By
using a sin le floiv management center &2 to provide pres-
sure reduced refrigerant the complexity of the refngerant
flow system 54 is greatly rcduccd. Additionally, a reccivcri io
drier function is intcgratcd into thc flow mana cmcnt ccntcr
82 for eliminating mntaminants aml prov&&ling a reservoir of
pressunzeri hquid reingerant. Refrigerant lappeil from the
receiver poruon is routed lo pressure reducing device 9U aml
then to zone-control heat exchanger 92 Although the flow ss
management center in the preferred embodiment includes a
reccivcr drier function thc principles of thc invention can be
cxtcndcd to flow managcmcnt devices that do not include a
receiver/drier function.

Flow management ccntcr &2 is illustrated in grcatcr detail (o
in FIG. 2 to inclurlc a housing 100 dcfining bi-directional
ports 10Z ami 104, a pressure sensiuve valve 1U6, check
valves 108 and 110, desiccant 112, a uni-direcuonal flow
member 114, pressure reducing valve 116, outlets 118 aml
120, temperature probe 124, anti pressure probe 122 Pres-
surized liquid refrigerant flnws into bi-directional port 102
or 104, through thc corresponding check valve 108 or 110,
through the dcssicant 112, into rcscrvoir 113, up ihc um-
directional flow member 114, through pressure reducin ~

device 116 and pressure sensitive valve 1U6, and finally o

reduced pressure reft&geranl flows out of Ihe other
bi-directional port 104 or 102 When the JIVA('ystem 50
changes operatmg modes the direction of refrigerant flow
rcvcrscs as high prcssure rcfrigcrant flows into thc
bi-directional port that prcssure reduced rcfrigcrant was s
fiovung from. The refri eranl then flows through the corre-
sponding check valve 110 or 1US, through lhe dessicant 112,
into reservoir 113, up the uni-ihrecuonal flow member 114,
through pressure reducing device 116 an&I pressure sensitive
valve 106, and finally reduced pressure refrigerant flows out
of the other bi-directional port 102 or 104. Thc pressure
scnsitivc valve 106 permits thc flow of prcssure reduccrl
refngeranl out of one bi-direcuonal port while preventin ~

high pressure refngeranl from flowing ihrectly between the
bi-ihrecuonal ports. When high pressure refngerant flows es
into a bi-directional port 102 anti 104 the pressure sensitive
valve 106 closes the flow path from the port to the pressure

reducing device 116 and opens a path from Ihe pressure
reducing device to Ihe other bi-direcuonal port 104 and 1U2.
Closing thc flow path from thc bi-rlircctional port 102 or 104
to thc pressure reducing dcvicc forces rcfrigcrant to flow
through the correspondin check valve 108 or 110, through
the dessicant 112, and into reservoir 113 The opposing
check valve 11U or 108 prevents hi h pressure liquid ref&&g-

erant in reservoir 113 from flowing out the opposing
bi-directional port 104 or 102 Impurities within the refrig-
erant are removed by dessicant 112 Reservoir 113 prnvides
a pool of high prcssure liquirl rcfrigcrant that can bc sourccd
to multiple prcssure reducing rlcviccs such as dcvicc 116
within the flow management center 82 as well as pressure
reducing devices that provide reduced pressure refrigerant to
secondary heat exchangers Outlets 118 and 120 provide a
means of tapping off refrigerant from reservoir 113 and
directing it to secondary heat exchanger circuits In the
prcfi:rrcd embodiment thc prcssure scnsitivc valve 106 is a
rlual poppet valve, howcvcr it is cnvisioncd that other valves
such as multiple check valves, mushroom valves, reed
valves, or rotary valves may be employed. Additionally,
similar valves as listed above can replace checl valves 108
anti 110. Although the pressure reducing device 116 in the
preferred embodiment is an electronically controlled expan-
sion valve it is within thc scope of thc invention to usc
mechanically controlled expansion valves as well as 90'alves.The desiccant 11Z aml the temperature and pressure
pri&bes 122 and IZ4 are merely exemplary of additional
functions that can be added to the flow management center,
they are not required to practice the invention.

Returmng lo FIG. 1, the zone-mntrof heat exchanger 92,
located within the interior of the vehicle prnvides cooling
functions for local imnes or assembhes. Bxamples of local
zone cooling include battery assembly cooling, air condi-
tioned seats, and individualized cooling of onc side of thc
passenger compartment Prcssure rcrlucing dcvicc 90
reduces the pressure of and expands the refngeranl lo be
supplied to zone control heat exchanger 92. The expanded
refrigerant absorbs heat from the air or liquid which is
passed through heat exchanger 92, thereby cooling the air or
liquid.

I'he front panel 55 includes selector switches for setting
the operating parameters of the air conditioning circuit 50
Thc switches include a blower spec&I sclcctor 73 that in thc
prcfi:rrcd cmbodimcnt is adjustable from 30% lo 100% of
the maximum blower spccrl, a mode sclcctor switch 72
having live mode settings, a recirculation selector 75 for
selecung fresh or recirculated air, and a sliding temperature
lever 74 for setting the temperature of air rlischarged from
the rluct outlets Although the mode selector switch in the
prcfi:rrcd embodiment has five discrctc settings, thc prin-
ciples of the invention can bc cxtcndcd to a mode sclcctor
having an unlimited number of settings.

During cooling mode, thc rcfrigcrant rlischargcd from thc
compressor 76 floivs through four-way switch 78 into out-
side heat exchanger SU which functions as a condenser. As
heat energv stored in the refiugerant is shed lo the outs&&le ur
which is blown through Ihe exchanger 80 the reingerant
condenses to a high pressure liquid 'I'he liquid refrigerant
flows into a bi-directional port 102 of the floiv management
center 82, through the desiccant 112, into thc rcscrvoir 113,
up thc uni-directional flov mcmbcr 114, through thc prcs-
sure reducing valve 116, and then out the olher bi-directional
port 1U4. A poruon of the refrigerant is lapped oif from the
reservoir 113 and directed towards a secondary loop as
shown in FI(k I will be explained in a later paragraph. The
refrigerant tlowing through the pressure reducing valve 116



pressure reduced and then passes ihrou h Lhe other
bi-Lhrecuonal port 1U4. The pressure reducetl refngerant
flows into thc inside heat cxchangcr 88 which functions as
an evaporator. Heat cncrgy from air passing through inside
heat exchanger 88 is absorbed by the pressure reduced
refrigerant causing the refrigerant to change to the vapor
state. The vapor state refrigerant flows from the heat
exchanger 88 through the four-way switch 78 and back to
the inkt of compressor 76 which comprcsscs thc vapor anti
directs it through four-way switch 78 to outside heat

lp
exchanger 80.

Thc operation of thc secondary loop during cooling mode
ts as follows. The portion of refn erant that flowed from an
outlet in reservoir 113 flows through shut-olf valve 86 into
pressure reducing device 90 Pressure reduced refngerant
floivs out of device 90 into local-zone heat exchanger 92
which functions as an evaporator I'he refrigerant absorbs
heat from thc air which passes through it thcrcby provirhn
scparatcly controlkd cooling for a portion of thc passcngcr
compartment. Although the zone control heat exchan er 92 zp
in the preferred embodiment Iunctions as an arr-to-
refrigerant evaporator, it is within the scope of the invention
to employ other heat exchangers such as refngerant-to-
refrigerant, water-to-refngerant, and oil-to-refrigerant heat
cxchangers.

lpuring heating mode, the direction of refrigerant flow is
revcrscrl by changing thc orientation of four-way switch 78.
A signal from a controflcr 130, hcrcinaftcr described, con-
trols thc orientation of four-way switch 78. Thc rcfngcrant
discharged from the compressor 76 flows through four-way
switch 78 into inside heat exchanger 88 which Iunctrons as
a condenser. As heat energy stored in the refrigerant is shed
to the inside air which is blown through the exchanger 88 the
refrigerant condcnscs to a high prcssure liquid. The liquirl
refrigerant flows into thc bi-rlircctional port 104 of thc flow ss
manigcmcnt ccntcr 82, through the desiccant 112, into the
reservoir 113, up the um-direcuonal flow member 114,
through the pressure reducing valve 116, and then out the
other bi-directional port 102 The refrigerant flowing
through the pressure reducing valve 116 is pressure reduced
and then passes through bi-rhrcctional port 102. The prcs-
sure rcduccd refrigerant flows into Lhc outside heat
exchanger 80 which functions as an evaporator. Heat cncr y
from;nr passing through outside heat exchanger 8U is
absorbed by the pressure reduced refrigerant causrng the
refrigerant to change to the vapor state 'I'he vapor state
refrigerant tlows from the heat exchanger 80 through the
four-ivay sivitch 78 and hack to the inlet of compressor 76
which compresses thc vapor and directs it back throu h
four-way switch 78 to inside heat cxchangcr 88.

During heating morlc, thc secondary loop opcratcs in the
same manner as rluring a cooling mode. Rcfrigcrant from
outlet 118 of flow managcmcnt ccntcr 82 flows throu h
pressure reducing device 90 and into local-zone heat
exchanger 9Z in which it absorbs heat from air that ts papain ~

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

Employing flow management center 82 in reversible
HVAC system 50 greatly simplifies Lhc inkrconncctin
plumbing and permits morc rcliablc implcmcntation of
secondary cooling loops. It is possible to alternately heat arul
cool a vehicle with two heat exchan ers without the addi-
tional valves and plumbing required Ior convenuonal sys- ps

terna ('omplex refrigerant balancing, schemes for dividing
refrigerant amongst multiple heat exchanger loops are not

required, thereby improving system perlormance, increasing
system reliability, and reducing cost. A common sense point
at the outlet of pressure reducing device 116 is provided for
pressure reduced (lmv-side) refrigerant gensing tempera-
ture and pressure at thc flow managcmcnt ccntcr climinatcs
the need of conventional systems for sensing at thc inlet to
each heat exchanger.

Referring to I'Itig. 3n anti 3/p an alternate flow manage-
ment device 81 is illustrated which does not include the
rcccivcr/drier function, but provides rcvcrsiliility with sim-
pler plumbing than conventional systems and a single prcs-
sure reducing device. The flow management device inclrules
a houtung IUU delining bi-direcuonal ports IU2 and 104, a
preewure sensuive valve 106, check valves IU8 and 110, a
um-directional flmv member 114, temperature probe 122,
anti pressure probe 124. 'I'he floiv management device 81
includes afl the capabilities of thc flow managcmcnt ccntcr
82 with thc cxccption of thc reccivcridricr function.

FIG. 4 illustrates another embodiment of an automouve
air conditioning 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 receiver/rlrier 46, and an
clcctronic expansion valve 47.

Four-way switch 45, rcccivcr drier 46, and expansion
valve 47 funcuonally replace the tlow management center
82 that is employed in circuit 50 (vee FIG. 1). The lunction
of four-way valve 45 is the mirror image of the lunction of
four-way valve 44 Valve 44 is employed to reverse the tlow
of refrigerant through the heat exchangers 42 and 43 It
csscntiafly converts uni-directional rcfngcrant flow from thc
compressor 41 into bi-directional rcfrigcrant flow into thc
heat exchangers 4Z and 43. Whereas Lour-way valve 45
converts bi-direcuonal refngerant flow from Lhe heat
exchangers 42 and 43 into a uni-directional flow through
receiver/drier 46 and expansion valve 47

Receiver,'drier 46 removes contaminants from the refrig-
erant and ensures a continuous flow of high pressure liquid
refrigerant into expansion valve 47 Expansion valve 47
provides rcfrigcrant prcssure reduction and expansion for
heat exchangers 42 arul 43. Expansion valve 47 is preferably
an electronic expansion valve thaL receives its controlling
inputs from a controller that monitors the saturation and
superheat temperature of the heat exchangers 42 and 43
Ilowever, other pressure reducing devices such as Iilock
valves, 90'alves, and thermal expansion valves (TXV) arc
within thc scope of thc mvcntion. Gcncrafly, to control a
TXV, refrigerant at the superheat temperature and the satu-
ration temperature must be routed Lo Lhe device. To obtain
the superheat temperature the refngerant from four-way
valve 44 to the compressor 41 mlet can be routed through the
TXV I'or the saturation temperature the refrigerant emitted
from thc TXV can bc scnscd.

During cooling mode outside heat cxchangcr 42 functions
as a condenser shcrlding heat to thc outside cnvironmcnt and
insiile heat exchan er 43 funcuons as an evaporator absorb-
ing heat lrom air that is blown into the passenger compart-
ment. The refrigerant cycle is as follows: refrigerant flows
out of compressor 41, through four-way valve 44, into the
outside heat cxchangcr 42, through four-way valve 45, into
rcccivcr/drier 46 and expansion valve 47, through four-way
valve 45, to inside heat cxchangcr 43, through four-way
valve 44, anil back to compressor 41.

During heaung mode four-way valve 44 changes onen-
tauon causing the flow of refngerant to heat exchangers 42
anti 43 to reverse With the reversal in the direction of
refrigerant tlow the functions of the heat exchangers 42 and



43 reverse as inside heal exchan er 43 Iunctrons as a

comlenser and outside heal exchanger 42 functions as an
evaporator. In atltlition, thc orientation of four-way valve 45
ts also changed to ensure thai Ihe direcuon of refngeranl
flovung into receiver,'dner 46 and expansion valve 47
rem;nns constant. The refngeranl cycle dunng heat pump
mode is as follows refrigerant flnws out of compressor 41,
through four-way valve 44, into the inside heat exchanger
43, through four-ivay valve 45, into rcccivcr/(trier 46 anti
expansion valve 47, through four-way valve 45, to outside in
heal exchanger 42, through four-way valve 44, anil bacl to
compressor 41.

From thc foregoing it will bc understood that the inven-
tion provides a flow management device with bi-directional
ports in which refngerant flowing into either port passes is
through an expansion valve and exits the other port
Additionally, the invention can integrate the receiver/drier
function intn a flnw management device with bi-directional
ports to provide thc capability of tapping ofl rcfrigcrant flow
for secondary cooling circuits. Also, thc prcscnt invention zn

decreases the complexity of automouve HVAC systems by
inlegraung a flow management device mto the system to
reduce the number of valves required to implement a revers-
ible heating and cooling I IVAC system A further capability
of the invention is to provide a centralized flow management
center yvith taps for rcfrigcrant to reduce thc complexity of
automotive HVAC systems that implcmcnt muhi-zone con-
troi
Control System For Reversible Atr Conditioning And Heal
Pump I IVA('ystem I'or Electric Vehicles in

I'IG 5 illustrates the control system configuration to
implement the preferred embnrliment of the IIVAC circuit
50. In FIG. 5 thc outsitlc coil 80, flow managcmcnt ccntcr
82, inside heat cxchangcr 88, four-way switch 78, compres-
sor 76, duct 56, and front panel 55 are interixmnected in a zs
manner simdar to circuit 50 illustrated in FIG. 1. Addinon-
ally illustrated is controller 130 which controls the com-
pressor speed and tloiv management center 82 operation
based upnn mputs from front panel 55, duct 56, and the
refrigerant system 54. an

During operation of thc HVAC circuit 50, thc passen cr
selects a passenger compartment temperature and operalin ~

mode by sening Ihe switches of front panel 55. The front
panel 55 switch setnngs are decoded by the ram(roller 130,
which converts the settings tn values that represent desired
temperature, operating mode, and blnwer speed. The con-
troller 130 also monitors sensors that mcasurc thc actual
ambient and passcngcr compartment tcmpcraturc as wcfl as
refngeranl temperature anil pressure. The controller 13U
compares Ihe decoded setungs to Ihe actual ambient aml n

passenger compartment lemperalure, and generates signals
that mndify the operation of the refrigerant flow system 54
and air-tloiv structure 52 to bring the actual passenger
compartment tempcraturc in conformance with thc tlcsirctl
tcmpcraturc as rcprcscntcd liy thc front panel 55 switch s
sinun s.

The operation of the refrigerant flow system 54 is moth-
lied by controller 13U through output signals that control the
orientation of the four-way switch 78, the speed of com-
pressor 76 and the duty cycle applied to the pressure
reducing dcvicc 116 within thc flow managcmcnt ccntcr 82.
Changing the orientation of four-way switch 78 causes a
reversal in the direcuon of refrigerant flow. The direction
that refrigerant flows dictates whether the HVAC system is
in the hexing mode or the cooling mode by interchan nn ~ es
the functions of the outside heat exchanger 80 and the inside
heat exchanger 88 In heating mode the outside heat
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exchanger 80 lunclions as an evaporator and Ihe inside heat
exchanger 88 lunclions as a contlenser 88. Whereas, in
coolin mode the outside heat cxchangcr 80 functions as a
contlcnscr and thc inside heat cxchangcr 88 functions as an
evaporator Varying the speed of compressnr 76 during a
cooling mode or a heating mode causes a change in the
refrigeranl temperature al the compressor 76 inlet and ou flel,
which has a direct ellecl on the temperature of air blown mto
thc passenger compartment. Changing the duty cycle
applied to thc prcssure rctlucing dcvicc 116 during cithcr
cooling nr heating mode causes a variation in the quantity of
refrigerant that the pressure reducing device 116 permits to
flow into the heat exchanger 8U or 88 that is functioning as
an evaporator. Too much refri erant flowing through the
evaporator leads to flooding thc compressor 76, causing
tlcgradcd compressor 76 pcrformancc. Too little rcfrigcrant
flowing thrnugh the evaporator limits the efficiency of the
evaporator in absorbing heat, resulting in a reduced cooling
or heating capacity of. the HVAC system 50. The controller
13U constantly adlusts the duty cycle applied to the pressure
reducing device to kccp thc evaporator operating at maxi-
mum elhciency aml adlusts the speed of compressor 76 to
conlrol the temperature of the air blown into Ihe passenger
compartment

I'he air-tlow structure 52 operation is moditied by chang-
ing the position of blend door 61 and the position of
recirculation door 60. Changing thc position of blend door
61 chan cs thc amount of supplemental clcctric heating that
is applied lo the air flowing through the air-flow structure 52,
ihrectly eflecling the temperature of the passenger compart-
ment. 'I'he position of recirculation door 60 controls whether
fresh air from the outside or remrculated air from inside is
directed into the passenger compartment 'I'ypicafly, more
energy is required to heat or cool fresh air than rccirculatcd
air because of thc grcatcr diffi:rcntial bctwccn thc tcmpcra-
ture of. Ihe air flowing into the HVAC system 50 and the
ilesired passenger compartment temperature.

Inputs lo controller 13U from the front panel 55 inclutle
blower speed from bloiver speed selector 73, mode selection
frnm mode selector switch 72, and the target temperature
from tcmpcraturc lcvcr 74 Thc rluct 56 inputs include inlet
and outlet tempcraturcs from tcmpcraturc probes 132, 133,
and 134. Inputs from lhe refngerant system 54 to the
conlroller 13U include temperature probe 135 for sensing
ambient temperature, temperature probe 124 for sensmg the
expansion valve 116 outlet temperature, temperature probe
136 for sensing superheat temperature, and pressure probe
138 for sensing suction prcssure.

Controller 130 is prcfcrably a microproccssor-liascd
conlroller, that inclutles a processor 14U and associated
memory 142. An analog-to-thgital mnverter fA,Iz) 144
converts iugnals from the various sensors to a digital form
used by processor 140 A driver circuit 146 operates the tlnw
management center 82 and compressor 76 I'his may be for
cxamplc an intcrfacc circuit that connects to thc clcctric
motor for driving thc compressor 76 in rcsponsc to system
temperature inputs. The interface circun may also provide a

iluly cycle signal for conlrolhng Ihe expansion valve 116 to
maintain a regulated average superheat temperature in the
compressor suction line Additionally, the driver 146 may
include an interface circuit coupled to four-way switch 78
for rcvcrsing thc switch from cooling mode to heating motte.

Processor 140 includes a main program 151, dcpictcd in
the flowchart of FIG. 6, to control the operating motle
selecuon, compressor speed control, and electronic expan-
snm valve f EXV) conn ol. FIG. 6 gives an overview of the
control strategy illustrating the major functional modules
that are involved



Refernng to FIG 6, the main pro ram 151 ts illustralerl.
fhe main program 151 provides the timing for execution of
the various control modules. At step 152 the prngram enters
the nperating mnde selectinn module in which the operating
mode of thc system is sclcctcd. Thc suppormd opcratin
modes include defrost morlc, vent mode, PTC hcatcr mode,
heal pump mode, anil air conihhoning mode. The inputs
monitored by the controller 13U lo select the HVAC system
50 operating mode include the position of mode selector
switch 72, temperature lever 74, inlet temperature, and
during a heating operation the capacity of heat pump mode
Although thc prcfcrrcrl embodiment has fiv discrctc oper-
ating modes, thc pnnciplcs of thc invention can bc cxtcnrlcrl
to systems having either fewer operanng modes or a con-
tinuously variable set of operann ~ modes. is

I'IG 16 illustrates the system nperating modes During
the PI'('eateridefrost mode, when the ambient temperature
is less than 40'', controller 130 turns on the PT(l heater 62
and moves thc blcnrl door to a position dctcrmincd by the
location of tempcraturc lcvcr 74. Howcvcr, for thc first 3% zn

of temperature lever 74 travel from the lull cold poiuhon the
controller turns olf PTC heater 62 and only enables the
vents

In the heating mode, with ambient temperatures greater
than 40'( nr defrost operation with ambient temperatures
between 40' and 60'., controller 130 turns on thc heat
pump and if ncccssary thc PTC heater with blcnrl door to
generate the desired temperature that ts refiected by the
posihon of temperature lever 74. For the Iirst 3r/n of tem-
perature lever 74 travel from full cnld the cnntrnller 130
turns off the heat pump and PI'('eater 62 and nnly enables
the vents At temperatures greater than l(KI''he contrnller
130 turns off PTC heater 62.

Thc third operating morlc, cooling mode, is sclcctable for
ambient temperatures that are greater than 40'. Coohn ~ ss
mode is also used Ior defrost when the ambient temperature
ts greater than 60'. For the first 33% of temperature lever
travel the controller 130 varies the compressor suction
pressure set point from 20 to 45 psig as the temperature lever
74 is moved from cold to warm. Varying thc suction pressure an

sct point causes a direct change in thc compressor spccd,
thereby causing the air temperature at the tluct outlets to
change. From 335/r, lo 100% of temperature lever travel the
controller 13U se(s Ihe compressor 76 suction pressure to a

constant 30 psig and turns nn the P'I'('eater 62 to reheat the
conditioned air

Returning to FIG. 6, at step 154 thc program cntcrs the
recirculation door positioning module which is describcrl
below with reference to FIG. 13. The recirculanon door
posihoning module controls the proportion of fresh mr to n

recirculaterl air that is blown into the passen er compart-
ment. At steps 156 and 158 the program enters mndules for
monitoring and disabling the cnmpressor in respnnse to
detcctcd faults. Thc compressor speed control module,
which is dcscribcd below with rcfcrcncc to FIG. 8, iscntercrl s
ai step 16U. Varying the speed of compressor 76 causes a

proportional change in Ihe air temperature blown from the
duct outlets 64—68. Step 162 leads to the EXV control
module ivhich is described with reference to I'l(i 7 The
L'XV cnntrnl module 162 modulates the output of the
expansion valve 116 in rcsponsc to chan cs in the vapor
tcmpcraturc sensed at thc compressor 76 and thc compressor
sucnon pressure. Each of the above listed modules will now
be further explained.

FIG. 7 illustrates the detaileil operation of EXV control es
module 162 The module 162 controls the volume of refng-
erant that is pressure reduced by the expansion valve 116 to

12
maintain a relatively constant superheat lemperalure at Ihe
outlet of the evaporator. As low-pressure refngeranl fiows
from thc expansion valve 116 through thc evaporator it
absorbs heat from thc air passing through thc evaporator.
After absorbing sufiicient heat the low-pressure refrigerant
transitions to a vapor state Any further heat that is absorbed
by Ihe vapor raises the refiugerant temperature above the
saluranon temperature into a superheated temperature
region. To reduce thc outlet tcmpcraturc of thc refrigerant
the volume of rcfri crant fiowing into thc evaporator is
increased, thereby increasing the heat lnad capacity of the
refrigerant Ilowever, if there is too great a vnlume the
refrigeranl will not transition lo the vapor slate, resulting in
the compressor 76 being swamped by hquid reliugerant. An
insufficicnt volume of rcfngc rant fiowing into thc evaporator
results in thc rcfrigcrant transitioning to thc vapor state
before reaching the nutlet of the evaporator Vapor state
refrigerant has less capacity to store heat energy than liquid
state refiugerant, therefore the porhon of the evaporator that
contains vapor slate refrigerant has less capacity lo store
heat cncrgy, reducing thc clficicncy of thc evaporator. It is
ilesirable lo control Ihe EXV 116 such that the liquid to
vapor traniulion occurs slightly before the outlet of the
evaporator causing the refrigerant to superheat a predeter-
mined amount 'I'his maximizes the efficiency nf the evapo-
rator by ensuring that virtually the entire coil is used for
absorbin heat.

In step 164 thc proportional-integral-diffcrcntial fPIDj
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. I nllowing selection of the PH)
constants the LiXV control module proceeds to steps 166 and
168 ivhcrcin thc expansion valve rluty cycle is initializcd
based upon ambient tcmpcraturc and operating mode when
the system Iirst enters mther heat pump moile or air comh-
noning mode. The raph appended lo step 168 depicts the
selecnon cnleria for Ihe duty cycle Ambient temperaiure is
sensed by temperature probe 135 located in front nf the
outside heat exchanger 80 The initial rluty cycle is then set
to a value ranging from 50%i to 100% of thc maximum EXV
rluty cycle depending on the ambient tcmpcraturc. After
sening the innial expansion valve duty cycle the system
transitions through a start-up penod before seuhng mto
steady-slate operanon.

During steady-state operation the duty cycle nf the LXV
is varied in order to maintain a constant superheat
tcmpcraturc, 4', greater than thc saturation tcmpcraturc, at
the inlet tn compressor 76. At step 170 thc avcragc supcrhcat
temperature is calculatetl by measuring the vapor tempera-
ture of. refrigerant exitmg the evaporator aml sublracnng the
saturation temperature of the fiuirl. The saturation tempera-
ture is obtained by measuring the compressor inlet suction
pressure and using the saturation temperature that corre-
sponds to the suction prcssure. Although thc prcscnt
embodiment of the invention calculates thc average super-
heat temperature from Ihe vapor temperature and suction
pressure, il is within the scope of the invention to use the
vapor temperature with an evaporator inlel temperature
including compensating for the evaporatnr pressure drop
The outlet of the expansion valve 116 located in the tlnw
mana cmcnt ccntcr provides a common tcmpcraturc mca-
surcmcnt location for evaporator inlet tcmpcraturc in cithcr
heating mode or cooling mode. In conventional systems that
use Ihe evaporator inlet temperature lo calculate lhe super-
heat temperature; temperature probes are required at the
inlets to both the inside and outside heat exchangers to
prnvide inlet temperature in both operating modes



13
The updated superheat temperature from step 17U is used

ai step 172 Lo calculate a revised setnng for the EXV duty
cycle. As a final step, at step 174 thc controller 130 linuts the
value of thc EXV duty cycle to between 5% and 100% to
ensure the device remains within a known operating region

Referring to I'IG 0, the compressor speed control module
160 is illustrated The compressor speed is controlled by
applying a variable duty cycle Lo Lhe electnc motor that
drives thc compressor 76. Thc duty cycle is varictl in
response to a controllin input such as mmpcraturc lever

lo
position and compressor suction pressure Varying the speed
of compressor 76 causes a proportionate variation in the
discharge temperature and discharge pressure of refngeranl
fiovnng out of the compressor 76 as well as an mversely
proportional change in thc compressor suction prcssure anti
refrigerant suction tcmpcraturc. Thc incrcascd rcfrigcrant '-'ischargetemperature results in an increased condenser
temperature, increasing the capacity of the I IVA(l system 50
to prov«le heat dunng healing mode. The decreased refmg-
eranl suction temperature resuhs in a decreased evaporator
tcmpcraturc, increasing thc capacity of thc HVAC system 50 zo

provide cooling tluring cooling mode. Thc spccd of the
compressor 76 is therefore varied to maintain air blown into
the passenger compartment at a relatively constant tempera-
ture during both heaung mode and cooling mode.

The desired temperature is sel by adtusting the tempera-
ture lever 74 on front panel 55. Thc controller 130 calculates
the target suction prcssure corresponding to thc tcmpcrature
lever position (x/I.) ivhich is equal to 20+75'(x/I.) for a
lever travel distance equal to 33% of the available distance
Umng the suction pressure as the controlled parameter

io
instead of air temperature prov«les a more stable anti faster
responding system.

Conventional systems that usc air tcmpcralurc as the
controlled parameter have prolilems with surging of the
compressor 76 in addition to slow response time. As the
sensed outlet air temperature changes due Lo transient eifecls
includm ~ changes in vehicle speed or passing through
intcrmittcnt sunlight, thc compressor spccd is changetl in an
attempt to kccp thc outlet tcmpcraturc constant. When the
compressor speed is constantly changing the passenger
perccivcs thc changes as surging in thc propulsion of the ao

vehicle. In the prcfcrrcd cmbodimcnt, thc EXV control loop
regulates a constant outlet temperature while Ihe compressor
regulates a constant suction pressure. As the outlet air
temperature changes Lhe heat that is transferred between the
refrigerant and the inside heat exchanger varies, causing the
refrigerant superheat temperature to change In response to
the change in thc supcrhcat tcmpcraturc thc duty cycle of
pressure reducing valve 116 is changed by controller 130,
causing a shift in Ihe flow of refn eranl, resulhng in a slight
varuition of Ihe compressor suction pressure. The controller o

130 then modilies the speed of compressor 76 to bmn ~ it in
conformance with the target suction pressure I loivever, the
required change in the speed of the compressor 76 is
significantly Icos than thc change that would bc rcquircd in
an HVAC system that uses compressor spccd alone to s
compensate for chan es in outlet temperature. The minor
change in compressor speed is imperceptible to the
passengers, leading Lo enhancetl dnving comlorl.

In addition to ehminatmg surging, the response time of
I IVA('ystem 50 is reducerl by using suction pressure as the
controlled input. Cooing air at thc dcsircd tcmpcrarurc is
blown over passcngcrs in significantly less time than con-
ventional systems that control air temperature directly. As a

result, unlike convenuonal systems, PTC heating of the
cooled air is not required to prov«le line control over the air os

temperature, resulting in more energy eflicient vehicle
operation.
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During heal mode the compressor speed is vaned in

reaction to changes in the temperature of the air flowing out
of the inside heat exchanger flg In heat pump mode, unlike
air conditioning mode, suction pressure is not rlirectly
rclatcd to the tcmpcraturc of air flowing out of thc inside
heat cxchangcr. Thcrcforc thc air tcmpcraturc sensed by
temperature probe 133 Ls used as Lhe conlrolhng input for
compressor speed.

In step 176 the controller 130 calculates the error and
error derivative to be used in the PID controller for the
controlled input In air conditioning mode the controlled
input is thc suction prcssure and in heat pump mode thc
controlled input is thc post insitlc heat cxchangcr air tem-
perature measured by temperature probe 133. In step 170 the
PID constants corresponthng to the appropnate operating
mode are selected. 'I hen in step 180 the PID controller
calculates the change in compressor duty cycle based on the
PID constants and the calculated error and error derivative
Thc rcviscd duty cycle is limited to bctwccn 5% and 90% to
ensure thc compressor 76 is opcratctl within spccificd
parameters.

FIG. 9 illusirates the inlerachon between Lhe EXV control
loop and the compressor speed control loop rluring the
cooling mode start-up transition As explained the LXV
control loop regulates the volume of refrigerant that flows
through pressure reducing dcvicc 116 maintaining a prcdc-
tcrmincd refrigerant supcrhcat tcmpcraturc at thc outlet of
the evaporator. A secondary effect of the EXV operauon is
that as the EXV permits an increased volume of relngerant
to flow, the suction pressure at the inlet to compressor 76
decreases 'I'he operation of the compressor 76 has a corre-
sponrling interaction with the LXV. When the speed of
compressor 76 is changed, the resulting change in suction
prcssure and tcmpcrature at thc inlet to compressor 76
causes a change in Lhe saturauon temperature of relngerant
that flows through Lhe evaporator. Increased compressor 76
speetl, causes a lower suction pressure, leading to a lower
saturation temperature, resulting in the refrigerant tempera-
ture rising to the predetermined superheat temperature ear-
lier in the traverse of thc evaporator Thc EXV loop com-
pcnsatcs for thc change in supcrhcat tcmpcraturc by
permitting an increased volume of relngeranl to flow
through Ihe evaporator, thereby causing a higher suction
pressure. When the HVAC system 5U Iirst turns on, if the
pressure reducing valve 116 is set to an initial duty cycle of
0%ra the volume of refrigerant flowing through the evapo-
rator will lag thc compressor spccd throughout thc cntirc
start-up time period, delaying thc start-up, resulting in a
starl-up time penod of approximately 2.S minutes.

Assuming an ambient temperature of 40'., Lhe EXV is
set lo an inilutl duty cycle of 50% al step 160 (see FIG. 7).
The compressor suction pressure is set to achieve the target
suction pressure corresponding to the location of tempera-
ture lever 74. Initially, thc compressor suction prcssure
tlccrcascs slightly during thc first scconrls of operation as
fluid pours through the EXV, then as Ihe compressor spms up
towards sleady-stale speed suction pressure begins lo
increase signilicanlly. At Ihe same ume the EXV duty cycle
increases until the suction pressure has increaserl to a point
where the EXV begins to track the suction pressure. During
the carly stages of start-up it is not unusual for thc com-
pressor to flood until thc compressor spccd incrcascs a
sufiicienl amount to develop appropnale suclion pressure. In
the prelerred embodiment the compressor is operated on the
borderline of floodm ~ tluring the start-up transition thereby
contributing to a faster system response time Also, as the
LiXV duty cycle begins to track the suction pressure it will
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overshoot i[s steady-slate value by a slight amount. The
underdamped response displayerl by the L'XV control loop
results in a further reduction in the system response time In
combination the improvements result in air cooled to the
desired tcmpcraturc blowing over thc faces of passcngcrs
within approximately 35 seconds of system start-up

From the foregoin ~ it will be undersloo[1 [hat the inven-
tion provnles a system for improving the sternly-slate
response time of an automotive I IVAC system Additionally,
the invention permits a reduction in the start-up time of an
automotive air conditioning system. Also, the invention
provides a system for controlling an HVAC system that
employs a flow managcmcnt device. Thc invention further
prov[[tea a system for controlling an HVAC system incor-
porating a centralized flow management center.
Anti-Iiog System for Reversible Air Conditioning and flea[
Pump IIVA('ystem for Automobiles

Referring to I'IG 10, a single loop reversible air cond&-

tioning and heat pump system 191 is illustrated with the
corresponding tempcraturc cycle diagrams for air condition-
ing mode 190 aml heat pump mode. 192. As wdl be
described, Ihe preferred emboihmenl of lhe present inven-
tion prevents undesirable fogging by slowly increasing the
speed of compressor 76 over a predetermined period of I [me

Generally, in reversible I IVAC systems fogging may occur
during thc transition from cooling mode to heating mode.
Prior to describing thc solution provided by lhc presently
preferred embodiment, a bnef descnpnon of. the refngera-
tion cycle and how fogging occurs in a reversible system is
provided with reference to I I(L 10

The refrigeration cycle essentially uses a small amount of
energy to pe[ver a compressor in order to transfer a greater
amount of heat cncrgy from onc cnvironmcnlal region to
another environmental region. It docs this by usin thc
cooling eflect of evaporation to lower [he temperature of the
air passing through one heat exchanger (the evaporator) 88
and using the heann ~ eflect of: condensing high temperature,
high pressure gas to raise the temperature of the air passing
through another heat exchanger (the condenser) 80 With
refcrencc to wavcform t, of FIG. 10, drawn from n ht to
left, thc tcmpcraturc profilc of rcfrigcrant flowing from an
evaporator 88, through a compressor 76 and four-way switch
78, and [hen through a condenser 80 is illustrated. Refng-
eranl entering the evaporator 88 is al low pressure and low
temperature 'I'he temperature being the saturation tempera-
ture of the pressure reduced refrigerant As the refngerant
passes through thc evaporator 88 heal cncrgy from air that
is blown through thc evaporator 88 is absorbed by the
refngeranl. The air that exihs Ihe evaporator 88 is nohceably
cooled due lo the transfer of heat energy from [he air to the
refngeranl. The cooler air no longer has lhe capacrty to
retain the same amount of moisture as the wanner air that
was blown into the evaporator 88, therefore the excess
moisture condcnscs out of thk air onto thc cxlcrnal surface
of the evaporator 88. Thc vapor state rcfrigcrant flows from
the evaporator 88 to Ihe compressor 76 where it [s com-
pressed lo a high pressure, high [emperature vapor before
flovnng into the condenser SU.

When the controller 130 commands a change to heating
mode the orientation of four-way switch 78 is changed, thus
interchanging the rcfrigcrant connections to thc compressor
76, thcrcby rcvcrsing thc flow of rcfrigcrant through the
system causing lhe heal exchangers lo change functions.
Refernng to waveform ta of FIG. 1U, drawn from left to
nght, pressure reduced refngeranl flowmg into outside heal
exchanger 80 (the evaporator) absorbs heat energy from the
outside air which is blown through the evaporator 80 The
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refrigerant flowm ~ through Ihe evaporator remains at its
saturation temperature for a ma)ority of the traverse As the
refrigerant nears the end of the evaporator 80 the accumu-
lated heat energy that has been absorberl causes the refrig-
erant to transition to a vapor state. Any further heat energy
that is absorbed in thc rcfrigcrant causes thc rcfrigcrant
temperature to increase beyond the saturauon temperature
into a superheated temperature range. The superheated
refrigerant flows to the compressor 76 which cnmpresses it

iii to a high pressure, hi h temperature vapnr which is directed
to the inside heat exchanger (the condenser) 88 As the high
tcmpcraturc vapor flows into thc condcnscr 88, thc lcmpcra-
turc of thc condenser 88 rapidly rises to an cquivalcnt
temperature. Moisture [hat had accumulated on [he insnle

is coil 88 during lhe air condinomng mode begins [o boil off
as the condenser SS increases in temperature I'he moisture
is absorfied by air tlowing through condenser 88 into the
passenger compartment. I egging then occurs when the
moisture laden air strikes thc cohl insirlc surface of thc

zo passenger compartment v indoivs.
FIGS. 5 and 11 illustrate an exemplary an[&-fogging

syslem Rir conlroflm ~ Ihe operation of a reversible HVAC
system 50 for automobiles. I'IG 5 as explained earlier in this
specihcation illustrates a control system fnr an autnmotive
HVAC system. Using the same hardware configuration,
controller 130 minimizes thc cffi:cts of fogging by gradually
incrcasin thc compressor spccd at a prcdctcrmincd rate and
regulaling Ihe. flow management center operation lo ensure
elbe[en[ use of. [he evaporator. Although a flow management

iii center 82 is employed in the preferred embodiment it is
within the scope of the invention to use a pressure reducing
device with a separate receweridrier Additionally, the
invention encompasses any vanablc spccd or capacity
compressor, even though thc compressor in lhc prcfcrrcd

SS embodimenl is an elec[wc compressor.
Processor 140 is programmed to control lhe compressor

spec[I and flow management center operation as depicted in
the flnwchart of I'l(L 11 I'IG 11 provides a general over-
view nf the main system operating modes and the detailed

ao program steps rclatcd to thc anti-fogging routine. In thc
prcfi:rrcd embodiment of thc invention thk steps that arc
included in Ihe anti-fogging rouhne 201 are spread through-
out a number ol program modules such as lhe operating
motte selecuon 152, compressor speed control 16U, and
L[XV control 162 (see I'l(L 6) ('alculaterl changes to the
outputs that control the speed of compressor 76 and the
regulation of prcssure reducing dcvicc 116 only occur within
the designated modules. To clarify thc included steps, they
have been brought together and listed in anti-fog rouune

n 2UI
At slap 2UU the program enters air conditioning mode in

which cooling air is blown into the passenger compartment
lfuring air conditioning mode, as a byproduct nf the refrig-
eration process moisture accumulates on thk cxtcrnal surface

s of inside heat cxchangcr 88. At step 202 an anti-fog fla is
set to provide an mihcahon [hat [here is moisture on the
surface of lhe inside heal exchanger 88. The anu-fog flag
will remain sel unnl heat pump mode is entered a[ slap ZU4.
At step 206 the program continues into the anti-fng sequence

eii 208 if the anti-fog flag is set, otherwise it branches otf to
steady-state heat pump mode at step 210.

Thc anti-fog scqucncc begins with sclccling a post-inside
heat exchanger;nr target temperature aml a duranon of
operation al step ZIZ from a table of values that are

es represented in Ihe graph. The actual pox[-inside heat
exchanger air temperature is measured by probe 133 The
target temperature is set equal to the ambient plus an offset
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that is increased over ume. Ltmtttn ~ Ihe post-inside heal
exchanger target temperature to a specified otTset above
ambient indirectly limits the temperature of the compressed
refrigerant vapor that flows into the condenser 88 The
evaporation rate of moisture located on thc inside heat
exchanger 88 is directly related to thc refri crant tempera-
ture at the inlet to condenser 88. Therefore, grtnlually
increasmg Ihe target temperature causes a graihial rncrease
in the compressor speed, which causes a gradual increase m
the compressor discharge pressure, which results in a

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

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

At step 216 a PID controller calculates thc ncw comprcs- zc

sor speed sethng based upon Lhe target temperature aml
previous suction pressure. The change in suction pressure
from the previous setting is limited tn prevent undesirable
changes in compressor speed which could lead to high
discharge temperatures and uncontrolled condenser mois-
ture evaporation. Although thc prcfcrrcd cmbodimcnt of the
invention controls thc compressor spccd to rc ulate the
moisture evaporahon rate, it is within the srxipe of the
invennon to control other system parameters such as suction
pressure, discharge pressure, nr condenser inlet temperature

If the post-inside heat exchanger target temperature is less
than the target temperature that cnrrelates to the temperature
lcvcr 74 position, then thc PTC hcatcr 62 is turned on an(l
the blend door 61 is sct to a position that will enable the
HVAC to achieve the temperature lever target temperature. zs
The required door 61 position is obtaineil from a loot up
table that correlates blend door position to ihlTerential tem-
perature and airflow

At step 218 the recirculation rloor 60 is set to the full fresh
air position. Setting thc recirculation door 60 to thc full fresh ac
air position in combination vnlh slowly evaporating mois-
ture from Lhe comlenser prevents fogging m the passenger
compartment. As moisture is slowly evaporated olT of the
comlenser it is absorbed by the trash air flowing past the
recirculation door 60, through inside heat exchanger 88, and
into the passenger compartment. 'I'he moisture laden air
flowing into the passcngcr compartment from ihc outside
causes thc internal air prcssure Io incrcasc, actin to drive air
oul of Lhe compartment through venLs and other unsealed
openings. Pushing air out the vents prevents an excessive C

amount of moisture laden air from accumulaun ~ in the
passenger compartment as well as ensuring that the driest
possible air is passed over the inside heat exchanger 88

Thc anti-fog scqucncc continues until conlroflcr 130 has
execute(l thc table of values dcpictcd graphically at step 212. s
Having completed the predelermmed routine, all of the
moisture that existed on inside heal exchanger 88 has
evaporaterl and therelore the temperature of Lhe refngeranl
entering the condenser 88 no longer needs to he controlled
The anti-fog flag is reset anil the heat pump system trans&-

tions to normal steady-state heat pump motte in ivhich the
spccd of thc compressor 76 is controlled such that a (lcsirc(l
duct outlet temperature as selec led with temperature lever 74
ts auained.

From the loregoin ~ it will be understooil that the inven- as
tion provides a system which contrnls fngging when chang-
ing modes in a reversible HVAC system. Additionally,

through the use of. the anu-lo ging method the rate of inituil
heating of the passenger compartment is not compromised
Additionally, the invention permits a system ivhich controls
fogging in an HVA('ystem ivhen initially starting air
con(litioning mode.
Heating System in a Reversible Atr Conditioning and Heat
Pump HVAC System for Eleclnc Vehicles

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

Processor 14U is programmerl to control the heaung motte
selecuon that is depicteil in the flowcharts of FIGS. 12A and
1211 'I'he heating mode selection programs control the
operation of the I IVA('ircuit 50 during a heating operation
In the preferred embodiment of the inventinn the steps that
are included in thc heating mode sclcction modules arc
spread throughout a number of program modules such as thc
operating mode selecuon 152, compressor speed control
16U, and EXV control 16Z (see FIG. 61 Calculated changes
to the outputs that control the speed of cnmpressor 76 and
the regulation of pressure reducing device 116 nnly occur
within the designated modules I'o clarify the included steps,
they have bccn brou ht together and listed in thc two heating
mo(lc selection modules.

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

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

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

Rcfcrring to FIG. 12A, at step 270 a target tcmpcraturc is
calculated based upon the posiuon of temperature lever 74.
A loot up table, contains values that correlate temperature
lever pomlion to Lhe Largel lemperature of Ihe air flowing
frnm the duct outlets 64—68 I'he creation of a lonkup table
containing such values is well known in the art. At step 272
the target tempcraturc is then compared to the tcmpcraturc
of air flowing into inside heat exchanger 88. Thc prc-in(lour
heat exchanger air temperature is measured by probe 132. If
the air temperature at probe 132 exceeds the target tempera-
ture the PTC heater 62 is turned oIT, the heat pump is turned
off, and the blend door 61 is set to the max cool pnsition. I f1

the max cool position air bypasses the PT('eater anil flows
(hrcctly to thc duct outlets. During this mode of operation
the outside air which flows into thc duct 56 is warmer than
the passenger has requested via the temperature lever 74. To
cool Ihe incoming air to the desired temperature the pas-
senger has the opuon of enabhng air condiuoning mode.

I or incoming air that is colder than the target temperature
the compressor speed is adjusted by a PI I) cnntroller at step



276 to dnve the temperature of: post inside heat exchanger
air tn the target temperature As compressnr speed is
increased the refrigerant suctinn pressure and temperature
decreases enabling the refrigerant to absorb a greater amount
of heat from thc external air as thc rcfrigcranl travcrses the
outside heat cxchangcr (evaporator) 80. Thc rcfri crant is
addiuonally compressed by the compressor to a greater
discharge temperature and pressure prior to bemg routed to
the inside heat exchanger (cnnrlenser) 88. The increased heat
load of the refrigerant, obtained from the outside heat
exchanger 80, is then transferred to the air flowing through
the inside heat cxchangcr 88. Thc increased heat transfer
causes a commcnsuratc increase in thc post inside heat
exchanger air temperature, assuming the ambient tempera-
ture and air flow rate remains constant.

At step 278 the post insirle heat exchanger air temperature
is measured by probe 133 and compared to the target
temperature The post inside heat exchanger air temperature
reprcscnts the air tcmpcraturc prior to thc PT(i hcatcr. If the
air tcmpcrature is grcatcr than thc target tcmpcralurc, then
supplemental heat is not required lo achieve the target
temperature. Therefore, at step 280 the controller turns PTC
heater 62 nff, sets the blend dnor 61 tn the max cool position,
and returns tn step 270 to begin another iteration 'I'his is the
normal nperating loop during heat mnrle operation as the
controller 130 regulates thc air tcmperaturc to thc selcctctl
target tempcraturc. Thc post inside heat cxchangcr air tem-
perature will exhibit normal closed loop operation by fluc-
tuating shghtly about the larger temperature.

If the measured post inside heat exchanger air temperature
is less than the target temperature, then the electric heater,
Pf(l heater 62, is turned on As the air flow rate across the
PTC heater 62 incrcascs, thc heat output of lhc device
incrc ascs thcrcby transferring a grcatcr amount of heat to thc
passenger compartment To regulate the quantity of heat that
ts transferred to the passenger compartment bleml door 61
proviifes a path for a portion of the air to bypass the PTC
heater 62 and recombine downstream with air that has
flnived through the PTC heater 62. lfy reducing the quantity
of air that flows over thc PTC hcatcr 62, less heat is
transfcrrcd to the air, thcrcby reducing thc commensurate
increase in the temperature of the air, and prov«hng a simple
means of regulaung the temperature of. Ihe recombined air.

At step ZUZ the required blend door position to achieve the
target temperature is calculated in a mannerknown in the art
fhe required effectiveness represents the amount nf P'I'('eating

that is required to raise thc mmpcraturc of thc post
inside heat cxchangcr air to thc target tcmpcraturc at the
existing airflow across the PTC. At slap 284 the controller
130 sets Ihe posiuon of blend door 61 aml Ihe loop returns
to step 270 to start another iterauon. This ts the normal
operatin loop when supplemental heat from the PTC heater
62 is required tn raise the rluct outlet air to the requested
tcmpcraturc. Each time through steps 270, 272, 276, 278,
282, and 284 thc position of thc blend door 61 is varied
slightly as Ihe controller 130 responds to changing conch-
tions.

Alternauvely, the heaung mode selection program can be
implemented as illustrated in I'l(k 1211 The program illus-
trated in lrIG. 1211 is particularly suitable for operating
modes vvherc thc ovcrhcad cncrgy that is cxpcndctl turnin
on thc heat pump or PTC heater 62 cxcccds thc cncr y
required lo raise Ihe passenger compartment temperature lo
the desiretl temperature. At step 30U a forty secoml trmer is
started. The umer seos the nme penod during which the heal
pump attempts to attain the target temperature. At step 302
the heat pump target temperature is calculated based on the
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potation of. temperature lever 74. The compressor speeil PD
controller is adjusted at step 304 to drive the compressor
speed towards attaining the target temperature At step 306
the heat pump gain is calculated I'he heat pump gain
rcprcscnts thc work thc heat pump contributes to raise thc
tcmpcraturc of thc passcngcr compartment under thc exist-
ing operaung conihuons. The heat pump gain is set equal to
the outlet temperature, probe 133, mimis the inlet
temperature, probe 132, divirled hy the outlet temperature

ii) At step 308 the post-inside heat exchanger air temperature as
measured by probe 133 is romp«red to the target tempera-
ture calculatcrl at step 302 to dctcrminc if thc heat pump is
capable of attaining thc target tcmpcraturc. If the heat pump
iloes slain Ihe target temperature the forty second orner is

is resel al slap 310 and the program returns lo step 3U2.
Additionally, if the heat pump has not attained the target
temperature but the 40 second timer has not timerl out, the
prngram returns tn step 302 to continue to attempt to attain
the target tcmpcrature. Howcvcr, if thc heat pump docs not

zo attain thc target tcmpcraturc within 40 seconds then at step
314 the measured values for heal pump gain and ambient
temperature are stored for later use. Although, in the pre-
ferreri embodiment the heat pump is allowed 40 seconds to
attain the target temperature, it is ivithin the scope of the
invention that the allowed time may range frnm about 0
seconds tn beyond 40 seconds. For example, thc heat pump
heating capability may bc charactcrizcd by factory mst or
simulation aml a number representauve of: the capability
may be stored in memory for later recall to determine if the

iii heat pump is capable of attaining a target temperature
At step 316 the heating mode transitions from the heat

pump to PI'C heater 62 by gradually decreasing the heat
pump output and increasing thc PTC heater 62 over a 40
second period. Making a gradual transition cnhanccs pas-

ss senger comfort by reducing the nouceabilily of: the change
in svstem operauon. Al step 318 Ihe snored value for heat
pump gain is adfusled for changes in ambient temperature.
At step 320 the revised value for heat pump gain is com-
pared tn the system ain that represents the amnunt of work

so required to heat thc passcngcr compartment to thc target
tcmpcraturc. If the system gain cxcccds thc heat pump gain,
there is insuflicient capacity in heat pump mode for heating
the passenger compartment, therefore the program remams
in PTC heal mode and returns to step 318. If: the heat pump
gain exceeds the system gam, the heat pump is capable of
supplying the required heat necessary to attain the target
tcmpcraturc. Thc program atlvanccs to step 322 and transi-
tions from thc PTC heater 62 to heat pump over a 40 second
ume period, finally returning to heat pump mode at step 3UU.

o From Ihe foregoing it will be umlerslood that ihe inven-
uon provides a system which minimizes energy consump-
tion during a heating operation of an automotive IIVAC
system. Additionally, the method can fie employed to
tlynamically update thc heating mode selection as operating

s contlitions change. Also, through thc usc of thc method thc
energy efflciency of an electnc vehicle is increaseil.
Adihuonally, Ihe invention provides an ener y elflcient
method lor controlling the passenger compartment tempera-
ture of an electric vehicle

eii Air 1landling for IIVAC System for Electric Vehicles
Referring tn FIGS. 5 and 13, an air handling sysmm for an

clcctric vchiclc HVAC system is illustrated. FIG. 5 illus-
trates ihe interconnection of. controller 130 lo an aulomouve
air comlinomng circuit 50. Controller 13U controls the

ss compressor speed, flow management center 82 operation,
anil recirculation dnnr 60 positioning based upon inputs
frnm front panel 55, duct 56, and the refrigerant system
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Recirculation door 60 may be set to any value from full iresh
air, through part fresh air with part recirculated air, to full
recirculated air.

Thc recirculation door control program 251 is illustratcrl
in I&IG. 13. Although I'IG 13 depicts all of the recirculation
door program components existing in a single separate
program module, it is within the scope of the invention for
the difierent elements to be spread throughout the system
program. In the prefcrrcd cmbodimcnt of thc invention the
steps that arc includcrl in thc heating mode sclcction module
are spread throughout a numf&er of program modules such as
the operating mode selection 152 and recirc door position-
ing 154 modules (see FIG. 6) To clarify the included steps,
they have been brought together aml listed in the bleml door
control module.

When thc system is turned-on, step 250 is cxccutcd anil
the recirculation door 60 is set to the recirculation position
By startin in the recirculation position less energy is
consumed controlling the temperature of. the passenger
compartment. In recirculauon mode, air from withrn the
passenger compartment is routed through thc insirlc heat
exchanger 88 before being directed bacl into the passenger
compartment. Therefore to rawe the duct outlet air to the
desired temperature the heat transferrerl from inside heat
exchanger SS only has to supplement the difference between
the desired temperature and the temperature of the passenger
compartment. In fresh air mode, to raise thc duct outlet air
to the dcsircd tempcraturc thc heat transfcrrcd from inside
heal exchanger 88 supplements the difference between the
desired temperature and lhe lemperature of the external air
which is floiving into the passenger cnmpartment.

Bavin set the remrculation rloor 60 to its initial position
the program continues on to step 252 in which the inputs
from thc front panel 55 arc interrogated to dctcrminc if a
particular positioning of thc recirculation door has been
requested. If a recirculanon door posinon chan e has been
requested, then at step 254 the recirculanon iloor is set to the
requested pox&non at step 254.

In step 256 the program optinnally begins an anti-fog
sequence As is explained af&ove, fngging of the passenger
compartment windows may occur when thc rcvcrsiblc
HVAC system 50 switches from cooling morlc to hcatin
mode. Dunng the cooling moile cycle moisture accumulates
on the external surface of the inside heat exchanger 88 winch
functions as an evaporator. When the HVAC switches from
cooling mode to heating mode the refrigerant flowing into
the inside heat exchanger 88, which functions as a
condcnscr, rapidly incrcascs in tcmpcraturc. As thc rcfr&g-
crant begins to raise thc tcmpcraturc of thc condcnscr 88,
moisture that had accumulated on the inside heat exchanger
88 dunn ~ the cooling mode begins to boil off. The evapo-
ralm ~ moisture is absorbed by air flowing through condenser
88 into the passenger compartment. I ogging then occurs
when the moisture laden air strikes the colder ivmdows of
the passcngcr compartment

At step 258 thc air handling proccdurc during an anti-fo
sequence is performed. The front panel selecnon for the
recirculanon door 60 posiuon w overridden as the door 60 is
set to lhe full fresh air posiuon. Wnh Iresh air flowing into
the passenger compartment the air pressure within the
compartment i ncreases, forcing air out of vents anil door seal
cracks. As ncw fresh air carrying its load of moisture is
blown into thc passcngcr compartment, prc-existing mois-
ture laden air is forced out through the vents to the outside
environment. The recirculation door 60 remains in the iresh
air position until the anti-fog sequence is completed, al
which time the recirculation donr is reset to its former
f&os&tint&

In step 260 the program begins an air blow-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 hack up through the recirculation air duct 57. Thc
air flowin back into thc recirculation air duct 57 bypasses
the inside heat exchanger 88 and PTC heater 62 which are
ilownslream from the recircu fanon door 60. Therefore, the
air flowing hack into the recirculation duct is unconditioned

ii) external air. Fhe external air could vary from extremely cold
dry air during winter months to very hot humid air rluring the
summer months. Thc cxtcrnal air flows out of thc duct inlets
and directly onto thc passcngcrs in thc passcngcr compart-
ment.

is At step 262 lhe program sets the recirculanon door 60 to
prevent an undesirable air blow-by event from occurring
The previous setting of the recirculation rloor 60 is overrid-
den and the door is set to the full fresh air setting The
recirculation air duct 57 is blocked when the recirculation

zo rloor 60 is in thc full fresh air position, thcrcforc thc fresh air
is forced through blower 58, inside heat exchanger 88, and
PTC healer 62. The fresh air is properly condinoned to the
desired temperature before being blown into the passenger
compartment and no air flmvs hack through the recirculation
duct 57 Although in the preferred embodiment the recircu-
lation door is sct to thc full fresh air setting it could
alternately bc sct to thc full recirculation air setting, in which
case the fresh air duct 59 is blocked, prevennng fresh ur
Iri&m flowing into the duct 56. Addiuonally, although m the

iii preferred embodiment the setting of the recirculation door
60 is independent of the prior position of the recirculation
dnnr 60, the selection of the full fresh air setting versus the
full recirculation setting could bc bascrl on the position of
the recirculation door 60 prior to entering thc air blow-by

33 seifuetlce.
From lhe foregoing it will be umlerslood that the inven-

uon provides a system for selecuvely overriding the pas-
senger air mixture selection under predetermined vehicle
operating conditions to permit IIVAC operating, modes that

ao enhance passenger comfort Additionally, thc sysmm can bc
employed to improve vchiclc performance by automatically
adfusting the air mix dunng predetermined vehicle operating
moiles.
Svslem R&r Cooling Electr&c Vehicle Battenes

Referring to I'l(L 14, a schematic of an automotive I IVAC
circuit 220 for an electric vehicle is illustrated 'I'he IIVAC
circuit 220 is an altcrnativc embodiment of thc invention
whcrcin heat from thc battery pack 224 is used to supple-
ment heating of. the passenger compartment. The circuit 22ff

o is similar lo the HVAC circuit Sff illustrateil in FIG. 1 with
the addition of a heat exchanger circuit 222 Ior cooling a

battery pack 224. A heat exchanger circuit 222 communi-
cates with auxiliary heat exchanger 92 to cool battery pack
224 and controller 130, and includes a heat cxchangcr 228,

3 a battery pack 224, a rcscrvoir 230, and a pump 232.
Liquid high pressure refrigerant from flow management

center 82 flows through expansion valve 226 and shut-oif
valve 86 into heat exchanger 228. Although high pressure
refrigerant in the preferred embodiment is nbtained from

eo flow management center 82, it is within the scope nf the
invention to obtain high prcssure rcfrigcrant from other
means such as a valve, a reccivcridncr, or a rcscrvoir.
Adihtionally, although a thermal expansion valve is
emploved in lhe preferred embodiment, the pnnciples of the

os invention may be readily exlemled lo other pressure reduc-
ing means such as an electronic expansion valve Shut-off
valve 86 is included merely to shoiv a possible method of
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controlling banery n&ohng by prevennng Ihe flow of refng-
erant into heat exchanger 228. The refrigerant outlet of heat
exchanger 228 is connected to the compressor 76 suction
line such that the vapor is combined with refrigerant vapor
from other system cvaporators prior to flowing into thc
compressor 76 inlet.

The coolant outlet of heat exchanger 228 connects to
banery pack ZZ4 which incluiles the vehicle ener y storage
batteries liest is generated in the batteries dunng energy
storage and discharge cycles due to energy losses from
convertin chemical energy to electrical energy liest from
the batteries is transfi:rrcd through thc battery pack into the
coolant. Thc outlet of battery pack 224 connects to rcscrvoir
230 which connects lo lhe inlet of pump 232. The pump 232
propels Ihe coolant through heat exchanger circuit 222.
Coolant from the pump 232 flows through controller 130,
cooling the system electronics 'I'he heat generated by the
controller 130 is additionally transferred into the coolant
Thc controller 130 controls thc operation of HVAC system
220. Thc tcmpcraturc of battery pack 224 is scnscrl by
temperature probe 225 which provides an mput to the
Bauery Energy Management System (BEMS) 234. The
BliMS 234 controls the operation of shut-off valve 86 m
response to the temperature senserl by probe 225

I'IG 15 illustrates the operation of IIVA(l circuit 220 In
this cmbodimcnt controller 130 acts four-way valve 78 such
that thc system heating motte is operational. High prcssure,
high temperature refngeranl flows from compressor 76
outlet through four-way valve 78 into inside heal exchanger
88 which functions as a condenser I.iquid refrigerant flows
from the outlet of condenser 88 through shut-off valve 84
into a bi-directional port of flow management center 82. The
refrigerant then splits with a portion flowing from an outlet
of flow managcmcnt ccntcr &2 to expansion valve 226, anil
the remainder of the refngeranl flowing oul of. the expansion
valve 116 of: the flow management center 226 lo outsrile heal
exchanger &U. Pressure reduced refngeranl flows through
the outside heat exchanger 80 which functions as an evapo-
rator absorbing heat energy from the outside air flowing
through it.

In operation, thc rcfrigcrant that flowed from thc outlet of
Ilov, management center 82 flows through expansron valve
226 and shut-ofl valve 86 before enlenng heat exchan er
228. The pressure reduced refrigerant that flows through
heat exchanger 228 absorbs heat energy from coolant that is
routed through heat exchanger circuit 222 'I'he process by
which heat cncrgy is transfcrrcd from lhc coolant io the
refrigerant in heat cxchangcr 222 is the same as what occurs
in insiile heat exchanger 88 the functioning of. an evaporator
described earlier. The coolant in circuit 222 flows through
banery pack Z24 absorbing heat from the vehicle battenes.
fhe coolant then flows through reservoir 230 anil pump 232
before absorbing additional heat from controller 130 prior to
returnin to heat cxchangcr 228. Hot coolant cnicrs the heat
exchanger 228 inlet anil transfi:rs its heat cncrgy to the
pressure reduced refrigerant flowing through the refngeranl
1&ne within lhe heat exchanger 228. The pressure reduced
refngeranl transitions to Lhe vapor slate as il absorbs heal
energy from the coolant The vapor state refrigerant then
flu&vs through the four-ivay switch 78 before comb i mng with
vapor state refrigerant from outside heat cxchangcr 80 pnor
to the inlet to compressor 76.

('oolant continues to circulate through circuit 22Z so lon ~

as the temperature of: Ihe battery pacl 224 remams above40'.

When lhe battery pack 224 temperature decreases below
4(ff I'he BEMS 234 disables shut-ofl'alve 86 interrupting
the flow of refrigerant to the heat exchanger 228. ('oolant

connnues to flow through heat exchanger circuit 222 as the
temperature of the battery begins to slowly increase. Once
the temperature of the battery pack 224 once again rises
above 40't the BEM!I 234 enables shut-off valve 86,
rcestablishin the flow of rcfrigcrant to thc heat cxchangcr
228 and thc transfer of heat from thc heat exchanger circuit
224 to Ihe HVAC circuit Z2U resumes.

Waveform h, of FIG. 15 illustrates the heat cycle of
IIVAC circuit 220. Refrigerant flowing into evaporator 80

iii initially carries a heat load depicted as plateau 238. As the
refrigerant flows through evaporator 80 it absorbs heat
energy from outside air that is blown through thc evaporator
80. Mcamvhilc, rcfrigcrant flowing through heal cxchangcr
228 also carries a heal load depicted as plateau 238. The

&s refrigerant llovung through heal exchanger 228 absorbs heat
energy that is transferred from the battery pack 224 of heat
exchanger circuit 222. 'I'he heat load of the refrigerant
increases to plateau 242 ivhen the vapor state refrigerant
from heat cxchangcrs 80 and 228 combines prior to com-

zo prcssor 76. Thc refrigerant heat loarl further incrcascs to
plateau 244 when compressor 76 compresses Ihe vapor state
refrigerant lo a high pressure, high temperature vapor. The
stored refrigerant heat energy decreases to plateau 238 as the
refrigerant traverses the inside heat exchanger 88 and the
heat energy is transferred to air that is blown through into the
passenger compartment.

Using vvastc heat from the battery pack to supplcmcnt
heat energy absorbed from lhe outs&tie air for heating the
passenger compartment provides a number of advantages. It

&ii expands the operating conditions under which heat mode
operation of the IIVAC is possible by increasing the stored
energy in the refrigerant. It improves the efficiency of the
overall vehicle system by reducing thc nccd lo rely on
clcctric energy to heat the passcngcr compartment. Whcrc

zs convennonal systems woukl exhaust Ihe battery pack waste
heat to Ihe external environment and use eleclnc energy
Iri&m the banenes to provide supplemental heal to the
passenger compartment, the invention reduces the need for
electrical heating by using the ivaste heat from the batteries

so to supplcmcnt thc heat pump system.
During coolin mode thc flow of thc rcfrigcranl through

the main loop is reverse&1 from heal pump mode. Heai from
air passing through Ihe maids heat exchanger (evaporator)
88 is absorbed by the refngeranl. The refngeranl flowing
through focal-zone heat exchanger 228 continues to absorb
heat from the heat exchanger circuit 222 (refer to I&IG 14)
Thc refrigerant from thc local-zone heal cxchangcr 228
combines with refrigerant from inside heat exchanger 88
pnor lo compressor 76. The refngerant is compressed fur-

o ther adding to lhe heal load and directed lo lhe outside heat
exchanger &U (comlenser). As lhe refngeranl &reverses the
condenser 80 the combined heat load is sherl to the outside
air that flows through the condenser 80 The refrigerant then
flows to thc flow managcmcnt ccntcr 82 and then throu h thc

s rcmaindcr of the circuit.
From Ihe foregoing it w&11 be umlerslood that the inven-

tion provides a sysiem for increasing lhe operanng range of
an automotive heat pump system. Addnionally, the invention
provides a system for improving the energy efficiency of an

eii electric automobile. I'urther, the invention provides a system
for cfflcicntly distributing thc heat cncrgy of an clcctric
automobile. Also, a method is prcscntcd for cooling thc
battery pack of an eleclnc vehicle.
Advantages of lhe invention

ss From Ihe foregoing it w&11 be umlerslood that the inven-
tion provides a flow management device with bi-directional
ports in which refrigerant floiving into either port passes
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throu h an expansion valve and exins the other port.
Additionally, the invention can integrate the receiver/drier
function into a flow management device with bi-directional
ports to provide the capability of tapping off refrigerant flow
for secondary cooling circuits. Also, Ihc prcscnt invention
decrcascs the complexity of automotive HVA(l systems by
integraung a flow management device mto the system to
reduce the number of valves required Io implement a revers-
ible heating and cooling I IVAC system A further capability
of the invention is to provide a centralized flow management
center ivith taps for refrigerant to reduce the complexity of
automotive HVAC systems that implcmcnt muhi-zone con-
trol.

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

incorporahng a centrahzed flow management center
The invenuon provides a system which controls fog nn ~

when chan ing modes in a reversible IIVAC system
Additionally, through the use of the anti-fogging method the
rate of initial heatmg of the passenger compartment is not
compromised. Additionally, thc invention permits a system
which controls fogging in an HVAC system when initially
starting air comhtioning mode

The invention provides a system which minimizes energy
consumption during a heating operation of an automotive
I IVA('ystem Additionally, the method can be employed to
dynamically update the heating mode selection as operating
conditions change. Also, through thc use of thc method the
energy cfflcicncy of an clcctric vchiclc is increased.
Additionally, the invenuon provides an energy etlicient ss
method for controlling Ihe passenger compartment tempera-
ture of an electric vehicle.

The invention provides a system for selectively overnding
the passen er air mixture selection under predetermined
vehicle operating conditions Io permit HVA(l opcratin ac
modes that cnhancc passcngcr comfort. Additionally, thc
system can be employed to improve vehicle performance by
automaucally adlusting the air mix during predetermined
vehicle operaung modes.

The invention provides a system fnr increasing the oper-
ating range of an automotive heat pump system
Additionally, thc invention provides a system for improvin
the cncrgy cfflcicncy of an clcctric automobile. Further, the
invention provides a system for efflciently dtstrtbuttn ~ the
heal energy of an electnc automobile. Also, a method is o

presented for cooling the battery pacl ol an electwc vehmle.
Althou h certain preferrerl embodiments of the invention

have been herein described in nrrler to afford an enlightened
understanding of thc invention, and to dcscribc its
principles, it shoulrl bc unrlcrstood that thc prcscnt invention s
ts susceptible to modilication, varianon, innovatron aml
alteration without departing or deviaung I rom the scope, fair
meaning, aml basic pnnciples of Ihe subtoined clarms.

What is claimed is
I A method of controlling, fogging in a passenger com-

partment of a motor vchiclc having a rcvcrsiblc HVAC
system of thc type including an inside heat cxchangcr for
transferring heat between a refrigerant and the passenger
compartment, an outside heat exchanger for transfermn ~

heal between Ihe refngerant and an outside environment, a es
compressor for circulating refrigerant through the inside and
outside heat exchangers, a refrigerant tlow switching device

ffir switching ihe flow of the refngerant to provide a heating
moile and a coohng mode, and a controller for controlling
the compressor and thc rcfrigcrant flow switching dcvicc,
the method including the steps of

detecting that comlitions for fogging exist; and
raising the discharge temperature of the refrigerant at a

controlled rate over a predctcrmincd period of time.
2 The method of claim 1 further comprising thc step of

rlctcrmining that moisture exists on thc inside heat
exchanger.

3 The method of. claim 1 further compnsing the step of.
detecting an HVA('ystem transiuon from Ihe cooling

mode Io ihe heaung mode, whereby moisture exists on
the iniude heal exchanger as a result of condensation
during the coolin mode

4 I'he methnd of claim 3 further comprising the step of;
npening an inlet vent to the outside environment, thereby

raising the passenger compartment air pressure causing
passenger compartment air to be forced out of the
passcngcr compartment

5 Thc method of claim 4 whcrcin thc inlet vent is a
recirculation door having a plurality of positions Irom a

recirculation position Io a full Iresh air posiuon, Ihe method
further compnsing the step ol. setting Ihe recirculanon door
to the full fresh air position.

(r I'he methnd of claim 4 further comprising the step of;
npening an nutlet vent in the passenger compartment to

permit air to flow through, thereby reducing the accu-
mulation of moisture laden air inside the passenger
compartment.

7 Thc method of claim 3 further comprising the step of;
increasing the speed of thc compressor at a controlled

rate, thereby raising thc discharge tcmpcraturc of thc
rcfrigcrant at a controlled rate so that moisture slowly
evaporates from Ihe inside heat exchanger, reducing the
rale at winch mors(are laden air flows into Ihe passen-
ger compartment

II 'I'he method of claim 3 further comprising the steps of;
repeatedly, increasing the speed of Ihe compressor a

predetermined amount for a predetermined period of
time until the conditions for fogging are alleviated

9 Thc method of claim 3 further comprising the step of;
providing a quantity of supplemental heat to the passenger

cnmpartment
10. Thc method of claim 3 further comprising the step of;
controlling the output of a supplemental heater to heat the

passenger compartment to a desired temperature.
11. The method of claim 1 further comprising thc steps of;
detecting an IIVAC system transition from an off condi-

tion to thc cooling mode, whcrcby a fogging condition
exists due to localized colrlspots on thc inside heat
cxchangcr; and

increasing thc speed of thc compressor at a controlled rate
over a prcdctcrmincd pcriorl of time, such that thc
ffirmation of localized coldspous is prevented.

12. A method of controlling logging in a passenger
compartment of a motor vehicle having a reversible HVAC
system of the type including an inside heat exchanger for
transferring heat between a refrigerant and the passenger
compartment, an outside heat cxchangcr for transferring
heat bctwecn thc refrigerant anil an outside cnvironmcnt, a
compressor lor circulating ref ngerant through the inside and
outside heal exchangers, and a relngerant flow swiiching
ilevice for switchm ~ the flow of the refngerant Io provide a

heating mode and a cooling mode, the method including the
steps of:
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delecung an HVAC system lransnion from Lhe coohn ~

mode to the heating mode, whereby a fogging cond&-

tion exists due to moisture on the inside heat
exchanger;

repeate&fly increasing Lhe speed of the compressor a

predetermined amount for a predetermmed period of
time, until the lo ung condition does not exist,

scttin thc recirculation door to thc full fresh air position,
thcrcby raising thc air prcssure in thc passenger com-
partment to force air out of thc passcngcr compartment lc

opening an oulleL venL in Lhe passenger compartment lo
the outside environment to provide a means for air to
escape to the outside environment; and

controlling thc output of a supplcmcntal hcatcr to heat the,&
passenger compartment lo a desired temperature.

13. An anti-fogging reversible HVAC system composing,
a compressor for compressing a refrigerant flowing

through the HVAC system;
a four-way switch coupled to Lhe compressor for swnch-

ing the flow of the refngeranl;
an inside heat exchanger coupled to the four-way sivitch

for transferring hest cncrgy bctwccn thc rcfrigcrant anrl
a passcngcr compartment,

an outside heal exchanger coupled to the lour-way switch
flir transfernn ~ heal energy between the relngeranl and
an outside environment; anrl

a lirst controller circuit for controlling the four-way
switch lo select a heating mode or a cooling mode, and
flir controllably increasing the speed of lhe compressor
when fogging conditions arc dctcctcd, such that thc
rcfrigcrant flowing into thc inside heat exchanger is
controfled to a temperature that will not cause moisture
on the inside heat exchanger to evaporate at a rate that
results in fogging of Ihe passenger compartment.

14. The system of claim 13 further incluthng;
a second controfler circuit for stepwise increasing the

discharge temperature of Ihe refrigeranl.
15. The system of. claim 14 further includin ~ a recircu-

lation door for providing a controlled inlet for outside air
such that thc air prcssure inside thc passenger compartment
is incrcascd forcing air out of thc passcngcr compartment to
the outside environment.

16. The system of claim 13 further including an outlet
vent for afloiving air to flow through, thereby reducing the
accumulation of moisture laden air inside the passenger
compartment


