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(57) ABSTRACT

A vehicle air conditioner allows storin cold thermal energy
in a cold thermal energy stora e unit during operatinn of a
vehicle engine to be used later durin an eco-run mode of a
hybrid vchiclc. Vehicle cabin air is cooled by thc col&1

thermal cncrgy quantity of a col&i thermal energy storage
uni& when the vehicle engine is sLopped anil cold air con-
unues &o be requested by passengers. Dunng engine
operation, the cold themiai ener y storage time, which is the
time it takes for the temperature of the cold thermal energy
storage unit to reach the solidifying point of the cold thermal
cner y storage niatcrial or lower, is measure&i. Thc stored
cold thermal cncr y quantity of the cold thermal energy
storage material dunng &he operation of the vehicle engine
Is calcula&ed based on informa(ion including &he cold ther-
mal energy storage time and cold air volumes.

7 Claims, 5 Drawing Sheets
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VEHICLE AIR CONDITIONER THAT
OPERATES DURING ENGINE STOPS

('OSS RL'I'LiRLiN(IL'O RLI.AI'Lif)
APPI.I('AIJON

This application is liased upon, claims the benefit of
prinrity of, and incorporates liy reference the contents of
prior Japancsc Patent Application No. 2001-359686 file
Nov. 26, 2001. i i)

BACKGROUND OF THE INVENTION

1. Ti:chmcal Field of the Invention
The present invention relates to a enid thermal energy

storage type vchiclc air conditioner having a cold thermal „
cncrgy storage unit cooled by cold air passed through a
cooling evaporator, and thc invention is applied to a vehicle
whose vehicle engine, a driving source for a compressor is
stopped when the vehicle stops moving.

2. Descnption of: Relateif Art o

Gcncrally, for thc purpose of environmental protection, a
vchiclc that automatically stops its engine when thc vehicle
stops moving, for example, to wait for a green light, has been
commercially available. This vehicle is known as an eco-run
or ecology running vehicle and an example of. such a vehicle. "s
is a hybnd car. In the future, more vehicles are likely to
exhibit the same engine stopping function ivhen the vehicle
stops.

In a vehicle*s air conditinner, the compressor in the
refngeration cycle is driven liy the vehicle engine, and
thcrcforc cvcry time thc above cco-run car stops moving,
which stops thc cnginc, the compressor also stops and the
temperature in the cooling evaporator increases. This raises
the temperature of air blown into the vehicle cabin, and
reduces the comfort nf the passengers as they cannot con- ss
tinue to feel cool enough because the increase in air tem-
perature.

Therefore, there is an increasing demand for a cold
thermal energy stnrage type vehicle air cnnditioner that
includes a cold thermal energy stora e unit. Thc cold ther- so

mal cncrgy storage unit will store cold thermal oner y
during thc operation of thc compressor, and can cool air
blown into the cabin by ihe cold thermal energy storage

urn(

when the compressor m stopperf (when ihe cooling funcuon
liy the cooling evaporator stops). as

SUMMARY OF THE INVENTION

Thts invention presents a cold thermal energy storage type.
vehicle air conditioner If the cold thermal energy quantity
stored in the cold thermal energy storage unit is small ivhiie
thc vchiclc runs, thcrc is only a short supply tinie for cooling
air to bc blown into thc vchicic cabin at a comfortably low
tcmpcraturc when thc engine is stopped. Therefore, thc
storerf cold thermal energy quantity while the vehicle runs,
that is, while the engine operates, must be I nown.

The invention is thrected to a solution to the above.
problem. It is an obfeci of the invention io provxfe a cold
thermal energy storage type vehicle air conditioner thai
allows the quantity of cold thermal energy stored in the cold
thermal energy storage unit during the operation of the
vchiclc cnginc to bc accurately calculated. Another object of
thc invention is to provide a cold themial energy storage
type vehicle air conditioner that allows air conditioning
control to be accurately carrierf oui when ihe vehicle engine
is stopped rfepending upon ihe stored quannty of: colrf ss
thermal energy stnred in the cold thermal energy storage
unit

In order io achieve Ihe above obfeci, according to a first
aspect of the invention, in a vehicle air conditioner there is
a cold thermal energy storage unit (40) providerl on the
downstream side of an evaporator (9) and cooled by cold air
passed throu h thc evaporator (9). Thc air blown into thc
cabin is coolccl by a quantity of thc stored cold thermal
energy of. the cold thermal energy storage unit (40) when ihe
vehicle engine (4) is stopped. The roltl thermal energy
storage unit (40) has a cold thermal energy storage matenal
(44) cooled and solidified by the cold air passed through the
evaporator (9)

Duitn ~ the operation of the vehicle engine (4), the cold
Ihermal energy storage time is measured. This is accom-
phshed by measunng Ihe time for the temperature of: the cold
thermal energy storage unit (40) to reach the solidifying
point of the cold thermal energy storage material (44) or
loivcr. Thc storccl cold thermal cncr y quantity of thc cold
themial cncr y stora c material (44) during thc operation of
ihe vehicle engine (4) is calculated based on informauon
mcluthng at leasi Ihe cold thermal energy storage ume and
ihe volume of: the cold air.

Meanivhile, cold thermal energy by latent heat is stored in
rcsponsc to thc tenipcraturc of thc cold thermal energy
stora c unit (40) reaching thc solidifying tcmpcraturc, or
lower, of: ihe cold thermal energy storage material (44)
Therefore, the nme after the temperature of the cold thermal
energy storage unit (40) reaches the solidifying temperature,
or lower, of the cold thermal energy stora e material (44)
and the volume of the cold air, are pieces of information
most rclatcd to thc colcl thermal cncrgy storage heat quantity
of thc colcl thermal energy storage matenal (44). Therefore,
Ihe stored cold thermal energy quanuty of ihe cold thermal
energy storage maienal (44) is calculated based on infor-
mation including at least the time after the temperature of the
cold thermal energy storage unit (40) reaches the solidifying
point, or loiver, of the cold thermal energy storage matenal
(44), i.c., thc cold thermal cncrgy storage time and thc
volume of colcl air. Therefore, stored cold thermal energy
quanuiy of the cokl thermal energy storage matenal dunn ~

ihe operahon of the vehicle engine (4) can accurately be
calculated.

Additionally, thcrc is a tcmperaturc rlctecting means (32)
for dctcctin thc temperature of the evaporator (9) and a
temperature detecting means (33) for detecting the Lempera-
lure of the cold thermal energy storage unit (40) The storerf
cold thermal energy quanniy is calculated based on the mfd
thermal energy storage time, the volume of the cold air, the
temperature of the evaporator (9), and the temperature of the
cold thermal cncrgy storage unit (40).

Meanwhile, the stored cold thermal energy quanuty of the
cold thermal ener y storage material (44) correspomfs to the
temperature of air of the cold thermal energy storage unit
(40) before and after cold thermal energy storage In other
ivords, the quantity corresponds to the temperature differ-
ence before and after cold thermal cncrgy storage.
Thcrcforc, thc tempcraturc diffi:rcnce bctwccn them (9, 10)
baseil on ihe temperatures of the evaporator (9) anrf the cold
Ihermal energy storage unit (40) is taken into considerauon
in calculating the stored cold thermal energy quantity of the
cold thermal energy storage matenal, and therefore the
stored cold themial energy quantity can more accurately be
calculated.

According to another aspect of the invention, in a vehicle
air comhhoner in which there is a cold thermal energy
storage unit (40) provided on the air downstream side of an
evaporator (9) and cooled by cold air passed through the
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evaporator (9), and air blown into the cabin is cooled by the.

stored cold thermal energy quantity of the cold thermal
energy storage unit (40) when the vehicle engine (4) is
stopped, the cold thermal energy storage unit (40) has a cold
thermal cncr y storage material (44) cooled and solidified
by thc cold air passed throu h the evaporator (9). During
operatton of the vehicle engine (4), the cold thermal ener y
storage completion time, afier the temperature of. the colrl
thermal energy stnrage unit (40) reaches the solidifying
point, or lower, of the cold thermal energy stnrage material in

(44), that is, until cold thermal energy storage tn the cold
thermal cncrgy storage material (44) is conipletcd, is pre-sct
for each air volume of cold air.

Dumng operation of the vehicle engine (4), the time
passed, after the temperature of the cold thermal energy
storage unit (40) reaches the solidifying pnint, or lower, of
thc cold thermal cncrgy storage matcriai (44), is mcasurcd.
Thc prc-sct cold thermal energy storage completion time is
selected based on the actual colri air volume after the.

temperature of the cold thermal energy storage umt (4U)
reaches the solidiTying point, or lower, of the cold thermal
energy storage material (44) The stored cold thermal energy
quantity nf the cold thermal energy storage material (44)
during operation of thc vehicle cn inc (4) is calcuiatcd based
on thc ratio of thc passed time rclativc to the sciccted cold "'hermalenergy storage completion nme.

In this way, using the ratio between the time passed after
the temperature ot'he cold thermal energy stnrage unit
reaches the solidifying point, nr lnwer, of the cold thermal

I)cncr y storage material and thc prc-sct cold thermal cncrgy '

storage completion time seiccted based on thc air volume at
the time, the stored cold thermal energy quantity of. ihe colrl
thermal energy storage material (44) can accurately be
calculated

According to another aspect of thc invention, in a vehicle
air conrlitioncr in which there is a cold thernial cncrgy
storage unit (40) provuied on the downstream side of an
evaporator (9) aml cooled by cold air passed through the
evaporator (9), air blown into the cabin is cooled by the
stored cold thermal energy quantity of the cold thermal
energy storage unit (40) when the vehicle engine (4) is
stoppcel. Thc cold thermal cncrgy storage unit (40) has a cold
thermal cncrgy storage material (44) cooled and solidified
by the cold air passed through the evaporator (9). as

A stnred cold thermal energy quantity calculating means
(SSU) calculates the stored cold thermal energy quantity of
the cold thermal energy storage material (44) during the
operation of thc vchiclc engine (4). When thc vehicle engine
(4) is stopped, thc volume of air blown into thc cabin that
can be cooled by cold thermal energy r;uhation of. ihe cold
thermal energy storage matenal (44) for a prescribed dura-
tion is calculated based on infnrmation including at least the
stored cold thermal energy quantity and the duration, and the
volume ot'ir bloivn into the caliin, and is controlled to be
thc calculatcrl air volume.

In this way, the volume of air blown into the cabin that can
be cooled by colii thermal energy raduiuon of the cold
thermal energy stnrage material (44) for a prescribed dura-
tion is calculated, and the volume of air binwn into the cabin ao

when thc vchiclc cnginc (4) is stopped is controlled to bc thc
calculated air volume. Therefore, regardless of an increase
or decrease in the stored cold thermal energy quanuty when
the vehicle engine (4) is stopped, the air volume correspoml-
ing to the actual stored colri thermal energy quantity is as
selected for cooling when the engine is stopped, so that
cooling by cold thermal energy radiation of the cold thermal

energy storage materuil (44) can be continueil dunng the
prescribed duration.

According to a hfth aspect of the invention said calculated
air volume is calculated based on information including at
least thc stored cold thermal cncrgy quantity, thc duration,
anil the tempcraturc of. the air taken into the cold thermal
energy storage unit (4U). Since the store&i coki thermal
energy quantity of the cold thermal energy storage maternal
(44) ts aifecteil by the temperature of the air taken into the
cold thermal energy storage unit (40), the temperature of the
intake air is taken into consideration in calculating said air
volume, so that said air volume can more accurately bc
calculated.

According to a sixth aspect of thc invention, when the
vehicle en nne (4) is stopped, an air volume manually set
u sin ~ an air comhhoning control panel (36) or an air volume
automatically set liy automatic control is calculated as a first
volume of air blown into the cabin, said calculated air
volume is a second air volume, and the smaller air volume
between thc first and seconrl air volumes is sclcctcd as thc
volume of air blown into the cabin when thc vehicle cnginc
(4) ts stopped.

In this way, when the engine is stoppe&i, and the lirst air
volume is smaller than the secoml air volume, the air volume
of air blown into the cabin is automatically set as the first air
volmne, the air volume by the operation of the passen ers by
their vvill or the air volume automatically sct by auto control
can bc sclectcd, so that thc comfort of the passengers in
relation with air conditioning when thc engine is stopped can
be improved.

Further areas of applicability of. the present invenuon will
become apparent from the detailed descripnon provided
hereinafter It should be understood that the detailed descrip-
tion and specific examples, while indicating the preferred
cmborlimcnt of thc invention, are intcndcd for purposes of
illustration only and arc not intcndcrl to limit thc scope of thc
invention.

13RILI'LSGRIPTION Oli 'I'IIL'RAWINGS

The prcscnt invention will iiccomc more fully understoorl
from thc detailed description and thc accompanying
drawmgs, wherein.

FIG. 1 is a general system diagram of a vehicle air
conilitioner according to a first embodiment of the invenuon;

I'l(l. 2 is a cross-sectional vieiv of a wold thermal energy
storage unit 40 of I I(l I;

I'l(l. 3 is a tlow chart illustrating air conditioning control
according to thc first embodiment;

lqG. 4 is a raph showing the transition of evaporator
bloiv air temperature Te and cold thermal energy storage unit
blovv air tcmpcraturc Tc in a normal air conditioning motte
anil an cco-run air conrlitioning mode;

I'l(l. 5 is a graph showing the transition of evaporator
blow air tcmperaturc anil cold thermal energy storage unit
blow air tcmpcraturc Tc, shovving thc concept of how to
calculate the stored cold thermal energy quantity according
to a second embodiment; and

FIG. 6 is a fiovv chart illustratin air conrlitioning control
in an eco-run air conilitiomng mode secor&ling to a third
embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following description of the preferred embodiment(s)
is merely exemplary in nature and is in no way intended to
limit the invention, its application, or uses.
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First Embodiment

I'III I is a general view of a first embodiment, in which
a refrigeration cycle R has a compressor I that intakes,
comprcsscs, and discharges a refrigerant, and thc compres-
sor 1 has an clcctromagnetic clutch 2 for connecting and
disconnecting power. Power from a vehicle engine 4 is
transmitted to the compressor I through the electromagnetic
clutch 2 anil a licit 3, and therefore the compressor I stops
operating when electric power supplied to the electromag-
netic clutch 2 is interrupted by an air cnnditioning electrnnic 1(i

control unit 5.

A high tcmpcrature, high pressure heated refrigerant gas
discharged from the compressor 1 Ilows into a condenser 6,
is cooled bv heat exchange with outdoor air blov:n by a

is
cooling fan (not shown), and condensed. The refrigerant
condensed by the condenser 6 passes into a liquid reservoir
7, in which the refrigerant is subjected to gas-liquid
separation, and excess liquid rcfrigcrant in the refrigeration
cycle R is stored in thc liquid reservoir 7.

o
The liquid refrigerant from the reservnir 7 has its pressure

rcrluccd by an expansion valve 8, which is a pressure
rcrlucing means, and attains a gas-liquid two-phase state.
The expansion valve 8 is a temperature sentuuve expansion
valve having a temperature sensing portion ba that senses "S
the temperature of a reftugerant at the outlet of an evaporator
9 fnrming a heat exchanger fnr cooling I'he loiv-pressure
refngerant from the expansion valve 8 ffows into the evapo-
rator 9. Thc evaporator 9 is provided in an air conditioning
case 10 in thc vchiclc air conditioner, and the low prcssure
reingerant having tlowed into the evaporator 9 absorbs the.

heat of the air in the air comlitiomng case 10 aml evaporates.
The outlet of the evaporator 9 is coupled to the intake side.
of the cnmpressor 1, and the aliove-described cycle compo-
nents form a closed circuit

In the air conditioning case 10, there is a blower 11 on the
upstream stele ot'he evaporator 9, and the blower 11

includes a centnfugal type bloiver fan 12 and a driving
motor 13. An indoor/outdoor air switch box 14 is provided
on thc intake sirlc of thc blower fan 12. An indooroutdoor ac
air switch door 14a in the indoor,'outdoor air switch box 14
opens and closes an outrioor air inlet 146 anti an indoor air
inlet 14c. In this way, nutdnor air (air from outside the cabin)
or indoor air (air from the cabin) is introduced intn the
indnor,'nutdoor air switch box 14. The indnor nutdoor air js
switch rloor 14u is driven by an electric driving unit 14e
made of a servomotor.

In the air conditioner blowing system, an air conditinning
unit 15 provided on thc downstream side of the blower 11 is
normally positioned inside an instrument board at the front
in the cabin aml in the center with respect to the vehicle.
width The blower 11 is proviried on the front passenger seat
side as it is offset from the air conditioning unit 15 In the
air conditioning case 10, on the downstream side nf the
evaporator 9, a enid thermal energy stnrage unit 40 and an
air mix door 19 arc scqucntially provided. On the down-
stream sirlc of thc air mix door 19, a hot-water heater core
20, that heats air using hot water (cooling water) for the
vehicle engine 4 as a heat source, is provxled as a heai-
exchanger for heating. i t)

A bypath 21 to bypass the hot-water heater core 2U and
liow atr (cold air liow) ts formed on a side (upper part) of the.

hot-water heater core 20. I'he air-mix door 19 is a pivotabie
plate door and is driven liy an electric driving unit 22 of a
servomotor. 65

The air mix door 19 cnntrnLs the ratio of the vnlumes of
the hot air through the hot-ivater heater core 20 and the cold

air passed through the bypath ZL. The temperature of air
bloivn into the cabin is controlled by controlling this ratio of
the volumes of hot air and cold air Therefore, in this
embodiment, the air mix door 19 forms the temperature
control nicans for thc air iilown into the cabin. There is a hot
air passage 23 on thc downstream side of thc hot-water
heater core ZU extenihng upwaril from a lower side. As a

result, hot air from the hot air passage Z3 aml cold air from
the bypath 21 are mixed in an air mixin portion 24 and
produce air at a desired temperature

In the air conditioning case 10, there is a blow morlc
switch pornon on the downstream side of the air mixing
poruon Z4. More specifically, a defroster aperture 25 is
formed at the upper surlace of. the air conilitioning case 10,
and the defroster aperture 25 blmvs air onto the mner surface
of the vehicle front lass throu h a defroster duct (not
shown). The defroster apcrturc 25 is openerl anil closcrl by
a plate-shaped, pivotablc rlcfroster door 26.

There is a face aperture 27 formerl at the upper surface of
the air conditioning case 10 and in a position toward the rear
side of the vehicle compared to the defroster aperture 25 Air
is iilown from the face aperture 27 toivard the upper body
portion of thc passen crs in the cabm through a face rluct
(not shown). The face aperture 27 is opened and closcrl by
a pivotable, plate-shaped face door Zg.

In the air conilitiomng case 10, there is a foot aperture 29
at the lower part of. the face aperture Z7, anil air is blown
from the foot aperture 29 to the footivell in the cabin. The
foot aperture 29 is opened and closed by a pivotable,
plate-shaped foot door 30. The blow morlc rloors 26, 28, and
30 arc coupled to a common linking mechanism (not
shown), and driven by an electric dnving umt 31 of the
servomotor through the linking mechanism.

The temperature sensor 3Z for the evaporator 9 is pro-
vided immediately after the evaporator 9 in the stream of air
blown from the evaporator 9 in the air conditioning case 10
The sensor 32 detects the evaporator blow temperature I'e

Mcanwhilc, thc tcniperaturc sensor 33 for thc cold thermal
cner y storage unit 40 is provided immcrliatcly after the cold
thermal energy storage unit 40 in the stream of air blown
from the unit 40. The sensor 33 detects the blow temperature
Tc of the cold thermal energy storage unit 40

The blow temperature 'I'e of the evaporator detected by the
evaporator temperature sensor 32 is used for engaging/
connectin and rlisengaging rlisconnecting control of thc
clcctromagnctic clutch 2 of thc compressor 1, or thc dis-
char c capacity control of the compressor I, if thc compres-
sor 1 is of a vanable displacement type, similar to standard
air conihtioners. The coohng capacity of the evaporator 9
and overall discharge capacity control is controllerl by these
clutch connections and disconnections. 'I'he cold thermal
cner y stora c unit blow teniperaturc Tc detected by the cold
themial energy storage tcmpcrature sensor 33 is used for
controilin the opening of the air mix door 19 Thc opening
of. the air mix door 19 is correctetl based on the value of the
cold thermal ener y storage unit blow temperature Tc. The
values of the evaporator blow temperature Te and the cold
thermal energy storage unit blow temperature 'Ib are also
used for the purpose of calculating a colrl thermal energy
quantity stored in thc cold thermal enngy storage material
of the cold thermal cncrgy storage unit 40.

In addiuon to the above temperature sensors 32 and 33,
detecuon output signaLs are input to the air conrliuoning
electromc control unit 5 from a sensor group 35 to detect the
indoor air temperature 'I'r, the outdoor air temperature Tam,
the value of solar radiation 'I', the hot water temperature Tw,
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etc. for air conditioning control. An air condihoning control
panel 36 provided near the instrument board in the cabin
includes an operation switch group 37 that is manually
opcratcd by passengers. An operation signal front the opera-
tion switch group 37 is input to the air conditioning elec-
tronic control unit 5.

Thc operation switch group 37 includes a temperature
setting switch 37n that generates a tenipcraturc setting si nal
'I'set, an air volume switch 376 that generates an air volmne
switch signal, a blow mode switch 37c that generates a blow
mode signal, an indoor,'outdoor air switch 37d that gcncratcs
an indoor/outdoor air switch signal, and an air-conditioner
switch 37e that generates an on/oil signal for the impresser
I aml the lile. The blow motte switch 37c is used to
manually sivitch the mode among well-knoivn blow modes
such as a face mode, a font mode, a bi-level mode, a
footdefroster mode, and a defroster mode.

The air conditioning control panel 36 includes an indica-
tor 36n that indicates a number representing the cold thermal
cncrgy storage rcmainin time during which thc cco-run air co
conditioner can blow cool air inside thc cabin using the cold
thermal cncrgy quantity stored in thc cold thermal oner y
storage matenal of the colil thermal energy storage unit 40
when the engine is stopped. In other worris, the length of
time that the eco-run air conditioning can continue using
cold tllermal energy storage as ali effective air conditioliing
means. Thc indicator 36a indicates the reniaining time in
terms of seconds, and in FIG. 1, 30s indicates that the stored
cold thermal cncrgy rcmainin time is 30 seconds.

Thc air conthtioning electronic control unit 5 is connected io
with an engine electronic control unit 38, and a revolution
number signal, a vehicle speed signal, and the lil e are input
into the air conditioning electronic control unit 5 irom the.

engine electromc control unit 38. As is well I nown, the.

engine electronic control unit 38 comprehensively controls is
the fuel injection amount to the vehicle engine 4, the ignition
timing, and thc like based on si naia from a sensor group
(not shown) to dctcct the operationai state of thc vehicle
engine 4. In the eco-run vehicle such as a hybrid car to which
the invention is applicable, when it is determined that the zo
vehicle is to be in a stoppeil state based on the revolution
number signal of the vehicle engine 4, a vehicle speed
signal, a brake signal, and/or the like, the engine electronic
control unit 38 automaticaliy stops thc vehicle engine 4 by
interrupting thc power supply to thc ignition device or by zs
stopping thc fuel inicction. After thc engine is stopped, when
the vehicle starts to move from the stopped state by the.

dnving operations of the dover, the engine electronic control
unit 38 determines from an axle signai or the like, that the
vehicle is startmg to move and automatically starts the
vchiclc engine 4 In thc eco-run air conditionin mode after
thc vchiclc cnginc 4 is stopped, thc air conditioning clcc-
tromc control unit 5 outputs a signal to rcqucst rcstarting of
the engine when cooling by the stored cold thermal ener y
quanuty of the cold thermal energy storage unit 4U cannot be
maintained

The air comlitiomng electronic control unit 5 aml the.

engine electronic control unit 38 include a well-1 nov:n
microcomputer including a (IPU, a ROM, a RAM and the
like, and peripheral circuits thereof I'he air conditioning
clcctronic control unit 5 has a function to output en inc
control si nals including a permission and non-perniission
signal for interrupting the vehicle engine 4, and a tugnal io
request engine restarting after the engine is stopped. Aridi-
tional funcuons include a function to calculate the storerl es
cold thermal energy quantity during the engine operation
pened, the eco-run air conditioning electronic control func-

lion during the engine operauon pewod, and normal air
conditioning iontrol functions during the operation of the
engine such as the compressor connection and disconnection
control, air volume control, air mix door control, indoor and
outdoor air intake control, and blow mode control Note that
thc air conditioning clcctronic control unit 5 anti thc cnginc
elec(rome control

urn(

38 may be combined into one control
unit.

A specifi structure of the cold thermal energy storage unit
40 will now lie dcscribcrl. With reference to FIG. I, thc col(I
thermal cncr y storage unit 40 has a shape whose front
surface has the same area as that of the evaporator 9. The
cold thermal energy storage unit 40 is in the form of a heat
exchanger throu h which passes the enure volume of cold
air passed through the evaporator 9. In other words, the
entire volume of the air in the air i onditionin case 10 passes
throu h thc evaporator 9 and thc cold thermal cncr y storage
unit 40. In this manner, thc cold thermal energy storage unit
40 may be thin in direction A of the air liow in the air
condiuomn ~ case 10.

I'IG. 2 shows a specitic structure of a heat exchanger for
the cold thermal energy storage unit 40 by way of illustra-
tion. The raised surface portions 41a and 42n arc alternately
formed at two heat transfer plates 41 and 42, rcspcctively, in
the three(ion A of. air (cold air) flow The raised suriace
portions 41n and 42rt abut against the planar portions of the
heat transfer plates 41 and 42 on opposing sides of the plate
and are joined by brarin . In other ivords, the raisetl portions
41n and 42n are located along opposite sides of the plate in
an alternating fashion. In this way, a tube 45 having an
enclosed space 43 insirlc thc raised surface portions 41n anil
42a is formed so that the cold thermal ener y storage
material 44 is enclosed in the enclosed space 43

Note that in FIG. 2, the verucal direction along the suri ace
of the sheet is the vertical direction in the arran ement of the
cold thermal energy storage unit 40 in the air conditioning
case 10. Therefore, the raisctl surface portions 41n anti 42n
of thc heat transfer plates 41 and 42 anil their inner enclosed
space 43 extend in thc vertical direction in thc air condi-
tioning case 1U. Therefore, comlensed water generated on
the surfaces of the heat transfer plates 41 and 42 is allowed
to drop due to gravity alon the raised surface portions 41n
and 416

Also in I'IG 2, only tive sets of tubes 45 are shown, but
in practice, thc cold thermal cncrgy storage unit 40 has a
front surface whose arcs is the same as that of thc evaporator
9. Therefore multiple sets of tubes 45 are provided
sequenually, in a stacked fashion, in the direcuon of arrow
B which is a direction orthogonal to the air liow direction A
in Fl(i 2

Abutment portions are provided between the tulies 45 on
the upper and lower encl portions of thc multiple sets of tubes
45 to maintain air passages 46 at prescribe(I intervals
bctwcen thc tulics 45. Thc abutmcnt portions bctwcen the
heat transfer plates 41, 42 of the tubes 45, anil between the
tubes 45 are integrally joineil by brazing or the like, so that
the cold thermal energy storage unit 40 as a whole can be
integrated into a single heat exchanger structure

The heat transfer plates 41 and 42 are preferably made of
a thin aluminum sheet or plate, bc light weight, and thc like
to facilitate heat transfer. Note that thc lirazing tcmperaturc
for aluminum can be as high as 600'., aml therefore the
cold thermal ener y storage maierial 44 is enclosed in the
enclosed space 43 after brazing of. the cold thermal energy
storage unit 40 In order to enclose the i old thermal energy
storage material 44, the enclosed space 43 is provided with
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one or more lilling open&ngs, anti Ihe col&i thermal energy
storage matena144 w fille&i &n Ihe encloseri space 43 from Ihe
filin opcmngs. Then, an appropriate scaling mcn&bar (such
as an 0-nng) is intcrposcd and a lid member is installed to
achieve enclnsure after the filling operation

Note that more spec&lically, Ihe cold thermal ener y
storage material 44 is prcferalily a material that solidifie
(mcltin point) at a temperature from 6 to 8', in order to
keep the evaporator 9 from frosting and prevents the mate-
rial (aluminum) of the enid them&al energy storage unit from
corroding. These conditions are satisiieri by parafiin. Parailin
&s supenor to molten sall or other &norgan&c substances in
terms of chemical stability, toxic nature, and the cost. Thc
amount of paratfin used as the col&i thermal energy storage
material 44 &s about 300 cc. Accord&ng lo the embod&ment,

&6
paratTin hav&ng a solithfy&ng point (melnng point) of. 8'.
is used as the enid thermal energy storage material 44.

In the above structure, the operanon of the iirsl embodi-
ment w&11 now be descnbed. In Ihe vehicle a&r comhnoner,
the compressor I is driven by the vehicle engine 4 sn that the
refrigeratinn cycle R is run by the cnmpressor I, and the
tcmpcraturc of thc evaporator 9 is maintained in approxi-
mately a tcmpcraturc of 3'. to 5'. by en a in and
disengaging control of. the compressor I, so that the evapo-
rator 9 &s prevented from frost&ng.

&5

In thc evaporator 9, a low temperature, low prcssure
gas-ltquul two-phase refngerant reduced in pressure by Ihe.

expansion valve 8 absorbs heat irom a&r blown from Ihe.

blower 11 and evapnrates for cooling the blowing air In
other words, cold air is produced I'he cold air is then
directed through the air passages 46 ot'he cold thermal
cncr y storage unit 40 at prescribed intervals between thc
multiple sets of tubes 45.

Thc coltl air fiow is intcrruptcd or disturbed depending
upon thc arrangcmcnt of thc air passages 46, and thc heat
transfi:r rate on thc air side can thus significantly be
improve&i. Therefore, the col&1 thermal energy storage ma&c-

oal 44, which &s normally parafiln, can elfecuvely be cooled
thrnugh the heat transfer plates 41 and 42 during the passage
of the cold air thrnugh the air passages 46 As a result, the
cold thermal cncrgy storage material 44 is cooled and
changes its state from a liquid phase at normal temperatures
to a solid state. In this way, the cold them&al energy can bc
store&i by soluhfying latent heal, that &s, by u&nng the cool air
to solithfy the parailin. JS

Thcrcforc, in thc vehicle that automatically stops the
eng&ne 4 when Ihe vehicle slops to wa&t for a green hght
(when the engine power &s nol necessary), when the com-
pressor I in the refrigeration cycle R stnps as the vehicle
stops, the temperature of the air blown into the cabin can be
kept relatively low using the stored cold thermal cncrgy
quantity of thc cold thermal cncrgy storage material
(parafiin) 44. Thcrcforc, when thc cabin is cooled during
summertime, a rapid increase &n the temperature of ihe a&r io
be blown into Ihe cabin &s prevenleri. The perm&ts Ihe
passengers to enjoy cool air and feel comfortable even when
the engine is off, but a&vaiting starting.

Air conriitioning control secor&ling to the lirst embodi-
ment will specificall be described in conjunction &vith 11(l
3 The control routine in 1&IG. 3 is carried out by the air
conditiomng electronic control unit 5, and lie ins at thc start
of thc air conditioning unit such when thc bio&vcr 11 is
acfivated. In step S10, an opera&&on s&gnal from the operation
sw&lch group 37 of the a&r comhnon&ng control panel 36, a
detecuon s&gnal from the sensor group 35, an eng&ne opera- ss
tion start signai from the engine electronic control unit 38,
and a signal representing the vehicle running state are read

At step S20 &I is determmed &f the air mndiuoner &s in the
eco-run air conditioning mode More specihcally, the eco-
run air conditioning mode is an air condit&on&ng operation
mode in which the air conditioner s&vitch 37e of the air
conditioning control panel 36 is on anil the vchiclc engine 4
is automatically stopped for example as the vchiclc waits for
a green hght. Meanwh&le, in the normal operation mode, the
a&r conilitioner switch 37e &s on anil the vehicle en ine 4 and
compressor I are operating.

In thc normal air conrlitioning motte, thc result of thc
determination in step S20 is NO, so thc control procccrls to
step S30, where the air comliuoner is controlled by normal
slate conlrol. More specdically, the compressor engagement
and disengagement ix&nlrol (or Ihe compressor capacity
control), the air volume control, the air mix door mntrol, the
indoor and outdoor air intake control, the bio&v mode
control, and thc like arc carried out by a well-kno&vn control
method.

At step S40 it &s determmed whether the evaporator blow
temperature Te detected by the temperature sensor 32 and
the cold thermal energy storage unit bio&v temperature Tc
detected by the temperature sensor 33 are both equal to or
lower than the solidifying point To (8' in this
cmbodin&cnt) of thc cold thermal cncr y storage material 44
By the determinauon in step S40, the point in Lime when the
cold thermal energy storage materu&1 44 i&arcs to sol&d&fy and
the latent heat cold thermal energy storage to the mid
thermal energy storage material 44 is started is determined

FIG. 4 is a raph showing thc transition of thc evaporator
blow temperature Te and the cold thermal energy storage
unit blow temperature Tc in Ihe normal a&r cond&lionin ~

mode and in the eco-run air condinon&ng mode. When the
evaporator bio&v temperature Te and the cold thermal energy
storage unit blow temperature Tc both reach the sol&difying
tcmpcraturc To of thc cold them&al energy storage material
44 or lower temperatures, the coltl thermal cncrgy storage
material 44 starts to solidity. Therefore, the cold thermal
energy storage unit blow temperature Tc is mainta&ned at
temperatures sl&ghtly lower than the solid&fying temperature
To When the latent heat cold thermal energy stora e to the
cold thermal energy storage material 44 is complete, the cold
them&al cncrgy storage unit blow tcmpcraturc Tc bccomcs
lo&vcr than tempcraturcs arounrl thc solidifying point To and
reaches the evaporator blow temperature Te, thus complet-
mg Ihe cold thermal energy storage.

Ilere, a mid them&al energy quantity Ql stored in the cold
thermal energy storage material 44 is a heat quant&ty, after
both the tcmpcratures Tc and Tc are equal to or lower than
the solidifying point To of thc cold thermal energy storage
material 44. The quantity Ql is also depenilent upon a mid
thermal energy storage time, stored by the temperature
difference (Tc —Te) of the cold thermal ener y storage unit
40 The stored mid thermal energy quantity is also affected
by the volume of cold air passed through the cold thermal
oner y storage unit 40, that is thc volume of air blown into
thc cabin.

Therefore, the cold thermal energy quantity QI stored in
the cold thermal energy storage material 44 can be calcu-
lated based on the above cold thermal energy storage time,
thc, tempcraturc dift'erencc (Tc—Tc) of thc cold thermal
oner y stora c unit 40 bcforc anil after cold thermal cncrgy
storage, and the vohime of. col&1 a&r. When &t is determ&ned
&n step S40 that Te aml Tc are both not more than To, the cold
Ihermal energy quanlny Ql stored in the cold thermal energy
storage material 44 is calculated in the next step S50 by
Lquations I and 2 The stored cold thermal energy quantity
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Qfn is calculated at prescribed time intervals io for Ihe.

prescribed time '*to" by the follorving Equation I

&t r d oldlhm I Sv q,ntrt& 01 =(I'-I'I rr ol m

Note that Cl is a correction cocfficient in viciv of thc heat
transfer rate of Ihe colrl thermal energy storage unit 4U, Ihe
solidiTying latent heat of the cold thermal energy storage
material 44 anti the like.

The stored cold thermal energy quantity Qln calculated
for the prescribed time intervals "to** are each integrated into
thc following Equation 2, and based on thc result of
integration, thc total stored cold them&el cncrgy quantity Ql,
i eo the '*stored cold thermal energy quantity QT immedi-
ately before the transition lo Ihe eco-run air conrliiioning
mode'* is calculated

St r d old Ihm I Sv q, ntrt& 01=(&i (It+El ( I+
Ul (&I [Eq . uon Ci

Note that in Equation 2, thc numbers in thc parentheses zo

represent ordinal numbers in calcuhilions like lhe fttsl lime,
the second time, the third time. When Tc=Te, the colrl
thermal energy storage to the cold thermal energy storage
material 44 is complete, and therefore the integration of Q in
tn Liquation 2 ends rvhen Tc=Te. I'he stored cold thermal zs
cncrgy quantity Qo at thc cnd of thc cold thermal oner y
storage can previously be caiculatcd based on the solidifying
latent heat (heal quannty per unit weight) of. the colrl Ihermal
energy storage maternal 44 anil the weight of. Ihe cold
thermal energy storage material 44 I'herefnre, the integra- .to

tion nf Q1n tn Equation 2 may end when the calculated value
for the storerl cold thermal energy quantity QI reaches the
nstorcrl colrl thermal energy quantity Qo at the end of thc
cold thermal cncrgy store c'alculated in advance.

When the result of determination in slap S40 is NO, L&tent ts
heal colrl thermal energy storage by solidilicalion of the colrl
thermal energy storage material 44 cannot take place due, io
the cnnditions, and control returns to step S20

Alternatively, when an eco-run air conditioning mnde is
dctcrmincrl in step S20, thc control proceeds to step S60 and do

control under thc cco-run air conditioning niode l&e ins. To
begin with, in step S60, the stored cold thermal energy
quantity QI calculated in slap SSU is read. The eco-run stale.
control is carrierl oul lo the air comhlioner in step S70. More.
specifically, air volume control, air mix donr control, indoor ns
and outdoor atr mtake control, blow mode control and the
like in thc cco-run air conditioning mode are carried out by
a method according to the normal air conditioning mode.

In slap SUU, radiated cold thermal energy quantity Q2
from the cokl thermal energy storage matenal 44 in Ihe so

eco-run air conditioning mode is calculated. The radiaierl
cold thermal energy quantity Q2 can be calculated frnm the
following Liquation 3 similarly to the case of the stored cold
thermal energy quantity Ql.

Radtatcd cold thctrnal cacr v quantitv E&a=ripe-T lxan olumcx
tarn I&at&cd altar c o- urt atr onditromna ta CZ IEquation I

Note that the cooling function of the evaporator 9 is
interrupted in the eco-run air conditioning mode, and there-
fore the evaporatnr blorv temperature I'e rises to the tem-
pcraturc of air taken in from thc biower 11 in a short period
after thc start of thc cco-run air conditioning mode. C2 is a
correction coelTicient tumilar to C1 in Equauon I. In step
SS5, the remaining stored cold thermal energy quanuty Q3,
in other worrls, the dilTerence between stored cold thermal ns

energy quantity Ql and radiated cold thermal energy quan-
tity Q2 (Q3=QI —Q2) is calculated In the following step

S90, the stored cold thermal energy remaimng time "to's
calculated. The radiated cold thermal ener y quantityQ2'er

unit time is then calculated. More specifically, the
radiated cold thermal energy quantity Q2 calculated by
Equation 3 is convertcrl into a numerical value pcr second to
obtain Q2( Thc stored cold thermal energy remaining time
"to" can be calculated as nme m terms of seconds by
dividing the remaining stored cold thermal ener y quannty
Q3 by the radiated cold thermal-energy quantity Q2'er
second. More specifically, "to*'=Q3IQ2(

A signal for the stored cold thermal energy rem am ing time
oto*'s output to the inrlicator 36r& of thc air conditioning
control panel 36, and the number (in seconds) of the cold
thermal energy storage ume "io'* is indicated by the indicator
36a. In ibis way, passengers can be notilied of the remainin ~

time for eco-run air conditionin allo&ved by the cold
thermal energy stored in the cold thermal energy storage unit
40

It is rlctcrmincrl in the next step SIUU whether thc storcrl
cold themial energy remaining time 'to" is 0. When thc
stored cold thermal energy remaining nme is zero (0), the
control proceeds to step S11U, and an operanon request to
the vehicle engine 4 is output to the engine electronic control
unit 38, so that the vehicle engine 4 is automatically started
lly this procedure, the eco-run air conditionin mode ends,
the determination result in step S20 is NO and thc normal air
conditioning morlc is rcsumcd. Note that in FIG. 4, Tco
represenls a cold Lhermal energy storage unit blow Lempera-
lure when Ihe vehicle engine 4 is siarterl after the encl of the
eco-run air conditioning mode. Tco is preferably approxi-
mately not more than 14''n order to secure the comfort
of the passengers to make them feel cool enough and to
prevent orlors from bein cmittcrl from thc evaporator 9.

Note that accorrling to the first embodiment, in step S40,
Ihe point when Ihe evaporator blow temperature Te anil ihe
cold thermal energy storage umt blow temperature Tc both
reach the solidifymg point To (S'. in this embodiment) of
the cold thermal energy storage material 44, or lnwer, ts
determined as the starting point of latent heat cold thermal
cner y store c to thc cold thermal cncrgy stora c maternal
44. When thc cold thermal energy stora c unit blow tem-
perature Tc is equal to or lower than the solirhlying point To
of. Ihe cold thermal energy storage materutl 44, as shown in
FIG. 4, Ihe evaporator blow temperature Te is also equal to
or lower than the solidifying point 'Ib of the cold thermal
energy storage material 44. Therefore, the determination in

step S40 may bc made based only on thc cold thermal cncrgy
stora e unit blow tempcraturc Tc.

As can be seen from FIG. 4, when Ihe evaporator blow
temperature Te is lower than Ihe solidifying point To of ihe
cold thermal energy storage maienal 44 by a prescmbed
difference, the cold thermal energy storage unit blow tem-
perature 'Ib is equal to or lower than the solidifying point To
of thc cold thermal cncr y storage material 44. Thcrcforc,
based on this correlation, thc dctcrmination in step S40 may
be made based only on Ihe evaporator blow temperature Te

In the above modification, Ihe cold thermal ener y quan-
tity QI stored in ihe cold thermal energy storage material 44
is calculated based on the cold thermal energy storage time
after the cold thermal energy storage unit blow temperature
Tc bccomcs at least equal to or lower than colrl thermal
oner y storage material solidifying point To, thc tcmperaturc
difference (Tc—Te) of the cold thermal energy storage unit 40
before and after cold thermal energy storage, and ihe volume
of cold air. Addinonally, the calculation process for ihe
stored cold thermal energy quantity Ql may be stmplihed as
follows More specihcally, the dischar e capability of the
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compressor 1 is controlled (the control of Ihe operation ratio
in continuationiinierrupuon of the compressor 1, and Ihe
control of the ihscharge capacity of. the compressor 1) so that
the evaporator blow temperature Te upstream of the cold
thermal energy storage unit 40 is normally fixed in the
vicinity nf 3'. to 4': except for the transition period
immcdiatcly after thc start of cooling in order to prevent the
evaporator 9 from frosting. Therefore, after Tc and Te are
both equal to or lower than the solirliTying point To of Ihe.

cold thermal energy storage matenal, the ratio of Ihe penod, in
in which the evaporator blow temperature Te is kept sub-
stantially at a tixed level, is high. Stated differently, the ratio
of the period, in which the temperature of air draivn through
thc cold thermal cncrgy storage unit 40, kept substantially at
a fixed lcvcl, is high. is

The ratio of the period, in which Ihe cold thermal ener y
storage unit blow temperature Tc is I ept lixed near Ihe, colrl
thermal energy storage solidifying point To after the siarL of.

latent heat enid thermal energy storage, is increased.
'I'herefore, the temperature difference (I'c—Te) of the cold n

thermal cncrgy storage unit 40 before and after cold thermal
cncrgy storage can be set to a prescribed value (coefficient)
determined by expenments in advance. In this way, only
necessary input signals used to calculate a cold Ihermal
energy quantity Qf storerl in the cold thermal energy storage. "s
material 44 can be reduced to only those of the cold thermal
energy storage time and the air volmne

Second Embodiment

According to the tirst embodiment, the cold thermal
energy quantity Ql stored in the cold thermal energy storage
material 44 is calculated by the above Equations I and 2 in
step S50. When thc cold thermal energy storage unit blow
temperature Tc is equal to or lower than the solid&lying point
To of the cold thermal energy siorage material, latent heat
cold thermal energy stnrage to the cold thermal energy
storage material 44 begins Once the cold thermal energy
storage unit blow temperature Tc is lowered tn the evapo-
rator blow tcmpcraturc Tc, it can bc determined that thc cold
thermal cncrgy storage to the cold themial energy storage ac
matenal 44 is complete. According Io the secoml
emboihment, the time tx, passed aller Ihe colrl Ihermal
energy storage unit blow temperature Tc reaches the solidi-
fying point I'o or lower nf the cold thermal energy storage
material, is measured and the stnred cold thermal energy js
quantity Ql is calculated based on that passed time tx.

I'l(i 5 is a graph showing the concept of how to calculate
the stnred cold thermal energy quantity Ql according to the
second cmbodimcnt. Thc ratio of thc period in which the
evaporator blow tcmpcraturc Te is kept substantially fixed is i,&

high except ior the transition period immediately after Ihe.

start of cooling, as descnbed above, in order to prevent Ihe.

evaporator 9 from frosting 'I'herefore the ratin of the period,
in which the temperature of air drawn through the cold
thermal energy storage unit 40 is kept substantially fixed, is
high

Therefore, after Tc reaches the snlidifying point To, or
lower, of thc cold thermal energy storage material, time tf
until Tc and Ti: arc lowered to this temperature and thc cold
thermal cncrgy storage is complete can be obtained in st&

iulvance for each air volume. In FIG. 5, Iff represents time.

until the anil of cold thermal energy storage when Ihe, air
volume is the minimum vnlume, I.o, while tf2 represents
time until the end nf cold thermal energy storage when the
air volume is the maximum volume, Hi. 65

Meanwhile, the stored cold thermal energy quantity Qo at
the end of the cold thermal energy storage can, in advance,

be calculated based on Ihe sofidtfytng latent heat (heat
quantity per unit weight) of the cold thermal energy storage
material 44 and the weight of the cold thermal energy
storage material 44 Therefore, time tf1, tf2 until the end of
thc cold thermal energy stora c for each air volume obtaincrl
hy cxpcrimcnts in advance anil the stored cold thermal
energy quanuty Qo ai Ihe end of the colil thermal energy
storage calculated in advance are stored in storage means in
the control unit 5, and the passed time tx is measured. In this
way, for the minimum air volume I.o, the stored colrl thermal
energy quantity QI at present, while the vehicle is moving,
can be calculated as:

Storerl cold themial energy quantity Qa at thc cnd of thc
cold thermal energy storagcx(txitf1).

For the maximum air volume Hi, the stored cokl thermal
energy quanhiy Ql at present while the vehicle is movin ~

can be calculated as
Stored cold thermal energy quantity Qo at the end of the

cold thermal energy storagex(tx'tf2)
After 'F: reaches the solidifying point 'Ib nf the cold

thermal cncrgy storage material, times tf1, tf2 until thc cnd
of the cold thermal cncr y storage within thc colrl thermal
energy storage matenal 44 ranges from about 40 seconds to
about 80 secomls when ihe cold thermal energy storage
material 44 has a volume of.300 cc. Thereiore change in ihe
air volume ivithin time tf1 and tf2 is smail in practice
Therefore, each of the air volumes for tf1 and ti2, of ivhich
times run until thc cnd of colrl thermal energy storage, may
bc an air volunic when Tc is not morc than the solidifying
point To of ihe cold thermal energy storage matenal The
average value of the air volumes within ihe passerl nme tx
may be calculated anil time tf1, tl2 unul the encl of o&Id

thermal energy storage can be selected usin the average air
volume value.

Third Embodiment

According to thc first embodiment, in thc control of thc
eco-run air conditioning mode from steps S60 to S110 in
FIG. 3, the stored cold thermal energy remaining ume"io'an

be calculated based on the stored cold thermal energy
quantity Ql calculated during the operation nf the vehicle
engine 4 (ivhile the vehicle is moving), and the value of the
stored cold thermal energy remaining time "to" (scconrls) is
indicated at thc indicator 36a of thc air conditioning control
panel 36. When the stored coltl thermal energy remainin ~

lime "Io's zero, a requesi io start Lhe vehicle engine 4 is
output to the engine electronic control unit 30, and the
vehicle engine 4 is automatically started According to the
third embodiment, the air volume control in the eco-run air
conditioning control is carried out based on thc stored cold
thermal cncrgy quantity Ql calculatcrl rlurin thc operation
of ihe vehicle engine 4 (while Ihe vehicle is moving).

FIG. 6 is a fiowchart for use in dlustranng control in ihe
eco-run air cond&honing mode accoriling to the third
embodiment In I l(i 6, steps S710 to S740 are for control
of the air conditioner corresponding to step S70 in I'IG 3
Thc description of the third cmborliment is specitically
focuscrl on thc air volume control for thc blower 11 among
controls in thc air conditioner. Other controls such as control
of. Ihe opemn ~ of the air mix door 19 are ihe same as those
of. Ihe convenuonal cases, aml thereiore will not be
described.

In step S60, similar to ihe lirsi embodiment, the stored
cold thermal ener y quantity Qf calculated dunng ihe
operation of the vehicle engine 4 (while the vehicle is
moving) is read. Then in step S710, the duration tb of the
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Note that Te and Tc in Equation 5 represent temperatures
of air drawn across the cold them&el energy stnrage unit
during the beginning of the eco-run air conditioning mode
Tc can bc rcgardcd as a fixed tcmperaturc determined by the do

solidifying point To of thc cold thcrmai energy storage
malenal, aml therefore only Te representing the temperature.
of atr tfrawn across Ihe cold thermal energy storage umt is
input in Equation 5 to calculate the atr volume VZ without
inputtmg 'I'c dd

Then in step S740, the smaller value nf the provisinnal air
volume Vl and thc air voiumc V2 dctermincd l&y thc stored
cold thermal energy quantity Ql and the radiated cold
thermal energy quantify Q2, ts linally tfelerminetf as Ihe, air
volume Vo dumng eco-run air condilionmg. More ao

specilically, when the temperature Te of. air drawn across Ihe
cold thermal energy storage unit during eco-run air cnndi-
tioning is low and the cooling load is small, the air volmne
Vl can bc smaller than the air volume V2. In thc case, the
air volume Vl is sclccted to carry out thc eco-run air ..
comhtiomng mode, so that Ihe air conditioning can be.

carrietf out tn Ihe cabin with the air volume appropriately
corresponding lo the air conditioning environmental condi-
tions

In contrast, vvhen the temperature I'e nf air drawn across
thc cold thermal cncrgy storage unit during cco-run air
conditiomng is high and thc coolin load is high, thc air
volume VZ is smaller than Ihe air volume Vl. In Ihat case,
the air volume V2 ts selected to carry oul Ihe em-run air
condittomng mode, so that eco-run air condiuontng can be ns

continued during the predetermined duratinn tb (one minute
for example).

eco-run air conditioning motfe is read. The tfuralion lb is a
pre-set, prescribed time period stnred in the storage means
of the control unit 5. Since it is usually the case that the
vehicle waits for a green light for nne minute at most, the
duration tb is sct to onc minute for example in viciv of thc
actual si nal waiting time.

Then, in slap S720, a provisional air volume Vl in Ihe
eco-run air conditioning mode is calculatetf based on a
well-known method. More specifically, when ihe air volume
is determined l&y auto control, the target bfotv temperature
'I'AO of air blovvn into the cabin is calculated based on the
sct tcmpcraturc Tset, thc indoor air tcmpcraturc Tr, the
outdoor air tcmpcrature Tam, thc value of soiar radiation Ts,
ctc. in thc tcmpcraturc setting switch 37a. Thc calculation is
carrietf oul so that Ihe lower the target blow temperature.
TAO is, the larger the provisional air volume V1 becomes.

When the air volume switch 37b is manually operated by
the passenger and the air volume is indicated by manual
operation, the air volume l&y manual operation using the air
volume switch 37b is set as thc provisional air volume Vl. oo

Then in step S730, with thc stored cold thermal cncrgy
quantity Ql storccl during the operation of thc vchiclc en inc
4 (while Ihe vehicle is moving), the air volume V2 io
matntain the eco-run air conthlioning for the above duration
tb is calcufateri I lotv to calculate the air volume V2 &vill now
be described more specitically The radiated cold thermal
cncrgy quantity Q2 during thc duration tb can bc described
by thc following Equation 4:

Rad nt d old thermal ene i quent ty 0 =(Te —Tc) & r olume
I du&at&on ta C 'Equation di

(:2 is a correction coefficient similar to ('2 in Liquation 3.
Thcrcforc, thc air voiumc V2 can l&e calculated by Equa-

tion 5 as follows:

The next step S(UUrt rxirrespontls to slap S100 accorthn ~

io the lirsi embothment, aml il is determined in the step
whether thc time cluration tb is passcrl When thc duration tb
passes, thc control procccds to step S110. At step S110, a
request to start the vehicle en ine 4 is output tn the engine
electronic control unit 30, and the vehicle engine 4 is
automatically siarletl. In this way, Ihe eco-run air condnion-
mg mode emlb Ihe result of. Ihe determination in step SZU ts
NO, and thc control proceecls to the normal air conditioning
mode control.

Other L'mbodiments

Note that according to the ihirtl embodiment, the durauon
tb of thc eco-run air conditioning mode is tixed to a
prescribccl value. However, in thc future with such cco-run
air conditioning technology, it is perceived that it will be
possif&le to communicate road information, such as how
many seconds ion er ii will lake before a Iratiic signal turns
lo green from red, to ihe vehicle's computer from an outdoor
road information gcncration unit. Thcrcforc, when roarl
information gcncration units of this kind arc actually widely
provided and information is sent from the road information
generation units, the duration tb may be varied based on the
actual remmning time unnl the signal is switchetl from reef
ki gree&I.

In Lquationq I and 3 accordin to the hrsl embotliment,
in calculaun ~ Ihe cold thermal energy quantity Ql stored in
Ihe cold Ihermal energy storage materutl 44 amf ihe rathatetf
cold thermal cncr y quantity QZn to thc colcl thermal cncrgy
store c material 44, thc tempcraturc differencc (Tc—Tt:) of
the cold thermal ener y storage unit 40 before and after cold
thermal energy storage is used Meantvhile, 'I'c can be
regarded as a lixed temperature determined by the solidify-
in ~ temperature To of ihe cold thermal ener y storage
material as described in connection with Equation 5 accord-
in to the third embodiment. Therefore, also in Equations I
and 3, 'I'e alone may fm input to calculate the stored cold
thermal energy quantity Qi and the radiated cold thermal
energy quannly Q2n without inpulnng Tc.

In thc above cnibodinicnts, as thc tcmperaturc clctccting
means for the evaporator 9 and the cold thermal energy
storage unit 40, temperature sensors 32 and 33 for tletecting
Ihe blow air temperature of the evaporator 9 and ihe cold
thermal ener y store e unit 40 are provided. Meanwhile,
tcmpcraturc sensors for rlctccting surface tempcraturcs or
the like of thc evaporator 9 and thc colcl thermal energy
storage unit 40 may be used as the temperature tletecting
means for the evaporator 9 and the cold thermal energy
storage unit 40.

The descripnon of the invenuon is merely exemplary in
nature and, Ihus, varuiuons thai do noi depart from the gisi
ol: ihe invention are intemled io be within the scope of ihe
invention Such variations are not to be re arded as a
departure from the spirit and scope of the invention.

What is claimed is:
1. A vchiclc air conditioner operating according to a

refmgeration cycle when a vehicle engine is not operaung,
Ihe air comhlioner comprising:

a compressor clrivcn by thc vehicle cnginc,
an evaporator provided as part of thc refrigeration cyck,

vvhcrcin said compressor and said evaporator arc for
cooling air bloivn into a vchiclc interior; anil

a cold thermal cncrgy store c unit provided downstream
side of said evaporator in an air path and cooled by colrl
air passed through said evaporator, wherein
air blown into the cabin is cooled by a stored cold

thermal energy quanuiy from saitf cold thermal
energy storage unit when the vehicle engine is
stopped,
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the cold thermal energy storage unit has a cold Ihermal
energy storage material cooled and solidified by the
cold air passed through said evaporatnr,

during the operation of said vehicle engine, a cold
thermal cncrgy storage tinie after a temperature of
said cold themial cner y storage unit rcachcs a
soliliifying point of. said cold thermal energy storage
ma(anal or lower until colli thermal energy storage Io
sairl cold thermal energy storage material is carried
out is measured, io

the stored enid thermal energy quantity of said cold
thermal cncrgy storage material during thc operation
of said vchiclc engine is calculated based on at least
said colli thermal energy storage lime aml a volume.
ol said coki air. 15

2. I'he vehicle air conditioner accnrding to claiin I, further
comprising:

a tcmpcraturc dctccting means for detecting a temperature
of said evaporator; anti

a temperature detecting means for detecting the tempera- o

ture ot'aid cold thermal energy stnrage unit, lvherein
said stored cold thermal energy quantity is calculated
based on said cold thcrmai oner y storage time, said
volume of said cold air, said tenipcraturc of said
evaporator, and saul temperature of. said cold Ihermal
energy storage unit.

3. A vehicle air conditioner that is mounted on a vehicle,
which carries out control to stnp a vehicle engine lvhen
power of the vehicle engine is not necessary, the air condi-

I)tioncr compnsing.
a compressor dnven by Ihe vehicle engine,
an evaporatnr provided in a refrigeration cycle having

sairl compressor for coolin air blown into a vehicle
cabin; and 55

a cold thermal energy storage unit provuied on a down-
stream side of smd evaporator and cooled by cold air
passed through said evapnrator, wherein
air blown into the cabin heing conied by a stored cold

thermal energy quantity of said cold thermal oner y so
storage umt when said vehicle cnginc is stopped,

said cold thermal energy storage unit having a cold
thermal energy storage ma(anal cooled anti solidfiied
by the cold air passed through smd evaporator,

during the operation of said vehicle engine, a cold as
thermal energy storage completion time after a tem-
pcraturc of said cold thermal energy storage unit
rcachcs a solidifying point of said cold themial
energy storage malarial, or lower, unul cold thermal
energy storage Io said cold thermal energy storage so

matewal is completed is pre-sel for each air volume
of said cold air,

during the operation of the vehicle engine, the time
passed after thc tcmperaturc of said cold thermal
cncrgy atom c unit reaches a solidifying point of ..
said cold thermal energy storage material or lower is
measured,

said pre-sel cold thermal energy storage compleuon
time is selected based on an actual cold air volume
after said temperature ot'aid cold thermal energy w)

storage unit reaches a solidifying point of said cold
thermal cncrgy stum e material (44), or lower, and
saili stored cold thermal energy quantity of said coki

thermal energy storage matenal duwng the operauon
of said vehicle engine is calculated based on a ratio
of said passed time relative to said selected mid
thermal energy storage complet(on time

4. A vehicle air mnditioncr to be mountcrl on a vchick
that carries out control to stop a vehicle cn inc when povvr
of said vehicle engme is not necessary, compnsing:

a compressor driven by said vehicle engine;
an evaporator provided m a refrigeranon cycle having

said compressor for cooling air blown into a vehicle
cabin; and

a cold thermal energy storage unit provided at a down-
stream air location of said evaporator and cooled by
cold air passed through said evaporator, wherein
air blown into sairl vehicle cabin is cooled by a store(I

cold thermal cncrgy quantity of said colrl thermal
cncrgy storage unit when said vehicle engine is
slopped,

said cold thermal energy storage umt has a coki thermal
energy storage material cooled and sol(difierl by said
cold air passed through said evaporator,

a stored cold thermal energy quantity calculatmg means
calculates the stored cold thermal energy quantity of
said cold thernial energy storage material durin thc
operauon of said vehicle engine,

when said vehicle engme is stopped, a volume of air
blolvn into the cabin that can be cnoled by mid
thermal energy radiation of said cold thermal energy
storage material for a prescribed duration ls calcu-
lated based on information including at least sairl
stored cold thermal energy quantity and sairl
duration,

Ihe volume of air blown into said vehicle cabin when
said vehicle engine is stopped is mntrnlled to Iie said
calculated air volume

5. 'I'he vehicle air conditioner according to claim 4,
wherein said calculated air volume is based on at least said
stored cold thermal cncrgy quantity, said duration, anil a
temperature of air drawn through said coil thermal energy
sullage Unit.

6. 'I'he vehicle air conditioner according to claim 4,
lvherein

when said vehicle engine is stopped, an air volume
manually set usin an air condition(ng control panel, or
an air volume automatically set by automatic control, is
calculated as a first volume of air blown into thc cabin,

said calculated air volmne is a second air volume, and
the smaller air volume of said Iirst and second air volumes

is selected as said volume of air blown into the cabin
lvhen the vehicle engine is stopped

7. 'I'he vehicle air conditioner according to claim 5,
wherein

when said vehicle engine is stopped, an air volume
manually set using an air conditionin control panel, or
an air volume automatically sct by automatic control, is
calculated as a first volume of air blown into the cabin,

said calculated air volume is a second air volume, and
the smaller air volume of said first and second air volumes

is selected as said volume of air blolvn into the cabin
when thc vchiclc cn inc is stopped.

r a r r


