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(s7) ABSTRACT

The air conditioner includes a surface temperature sensor for
detecting a surface temperature of a clothes portion of a
passen er. In thc air conditioner, a thermal-fccling estima-
tion value for thc passcngcr is calculated based on thc
surlace temperature of the clothes poruon of the passenger,
and air-conclitioning operauon of a passenger compartment
is controlled based on the thermal-feehng estimation value
Accordingly, in the air conditioner, the thermal feehng can
be ahvays accurately estimated, and comfortable air-
conditioning control can bc pcrformcd using the thermal-
fcclin estimation value.

52 Claims, 24 Drawing Sheets
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VEHICLE AIR CONDITIONER HAVING
SURFACE TEMPERATURE SENSOR

given Lo the passenger, thereby delemorating air-
conditioning feeling.

('.ROSS-RL'I L'RL'N('Li I'0 REI.AIL'D
APPLICATION

This application is rclatcd to and claims priority from
Japanese Patent applications No. 2000-327509 liled on Oct.
26, 2000, aml No. 2000-374290 filed on Dec. S, 2000, the
contents of which are hereby incorporated by reference

BACKGROUND OF THE INVENTION

1. Field of the Invention
Thc prcscnt invention rclatcs to a vehicle air conditioner is

which performs air-conditioning control in a passenger
compartment by estimating thermal feeling of a passenger.

2. Descnption of. Related Arl
U.S. Pat No 5,187,943 tfiscloses a vehicle air conditioner

which performs air-conthlioning control based on a passen- o

ger*s thermal feeling estimated by using a face skin tem-
perature nf the passenger, detected by an infrared ray sensor
(surface tcmpcraturc sensor). In thc conventional air
conditioner, it is important how thc face skin tcmpcraturc of
the passenger is accurately detected. Actually, a tfirecuon of. as
the face of the passenger is changed, and Ihe face moves in
an up-down direcuon and in a right-leB. direction. Therefore,
the face is sometimes displaced nutside a detection area of
the infrared sensor. Therefore, the face skin temperature of
thc passcngcr cannot bc accurately and stably detected, and io
it is difficult to always accurately cstimatc thc thermal
feehng of Ihe passenger.

On thc other hand, JP-A-11-157324 discloses a vehicle air
conditioner which automatically controLs an air outlet mode
in the Rillov;ing manner in order to improve heating feeling is
in a warming-up control operation. Because a temperature, of.

condittonetf air blown into a passenger compartment is very
low at an initial time in the warming-up control operation,
cool feeling is given tn the passenger by the conditioned air
when thc conditioned air is blown to thc upper half body of so
thc passcngcr. Accordingly, in this conventional air
comhtioner, a fool motfe, where conditioned air is not blov:n
towartf Ihe upper half. body of the passenger, is set at Ihe.

initial lime in the warming-up control operauon. Thereafter,
as the temperature of conditioned air is increased, the air as
outlet mode is changed from the foot mode to a bi-level
mode, thereby warming hands of the passen er as fast as
possible. Then, when thc temperature of the conditioned air
is further increased, the air outlet mode ts again changetf
from Ihe bi-level motfe to Ihe fool mode, thereby preventing so

warm air from being blown toward the upper side of. Ihe
passenger compartment from a face air outlet I lotvever, the
bi-level mode is switched to again the font mode based on
a dctcction result of an environmental condition such as
solar radiation intensity, inside air temperature and outside ..
air temperature. Therefore, the switching time sometimes
does not correspond to Ihe thermal feeling of the passenger
anti detenorates air-conthlioning feeling of the passenger.
I or example, the thermal feeling nf the passenger is greatly
changed between a case where solar radiation directly so
rcachcs to thc passcngcr and a case where solar radiation
docs not directly reach to thc passcngcr even ivhen solar
radiation intensity detected by a solar ratfianon sensor is not
changetf Iherebetween. Accordingly, if the air outlet mode
switching is performed when the solar radianon tnlensiiy ss
detected by the solar radiatinn sensor become~ equal to a
predetermined mtensity, conf feeling or hot feeling may be

SUMMARY OF THE INVENTION

In view of. the fore oing problems, it is a lirst obfect of Lhe

present invention to provide a vehicle air conditioner ivhich
can always perform an accurate estimation of thermal feel-
ing of a passen er and can perform comfortable air-
conditioning control.

It is a secontl object of thc present invention to provitlc a
vehicle air txtndittoner which can perform a switching from
a lirsl mode such as a bi-level mode Lo a secomf mode such
as a foot mode at a time sutyiciently adaptin lo thermal
feeling of a passenger

According to an aspect of the present invention, m a
vehicle air conditioner, a surface tcmpnaturc sensor is
disposed for detecting a surface tempcraturc on a clothes
poruon of. a passenger anil for outpuuing a clothes tempera-
Liitt: sigtnil, esLimalititl-value t:alculalitig meatls t:alculales ail
esnmauon value of. thermal feeling for a passenger in Lhe

passenger compartment based on the clothes temperature
signal, and a control unit performs air-conditioning control
in thc passen cr compartment based on thc estimation value
of the thermal feeling. The clothes portion has a larger area
than a face poruon of. the passenger, anti a movement
distance of. the clothes poruon is smaller than that of the face
portion of the passenger in a seating comhtion. Therefore,
irrespective of movement, a physique, seating posture and
the like of the passenger, the clothes portion hardly deviates
from a tcniperaturc dctcction range of thc surface tempcra-
turc sensor, and thc surface tcmperaturc can bc accurately
and stably detected. Accortlingly, the thermal feeling can be
always accurately estimaletl, thereby always accurately per-
forming enr-conditioning control based on the thermal I'eel-

ing
Since a change of surface temperature relative to a chan e

of the thermal feeling is larger on the clothes portion than
that on thc face skin portion, surface tcmperaturc of thc
clothes portion can bc more readily used as a control signal

Preferably, thc control unit performs thc air-conditioning
control in Ihe passenger compartment, in accordance with a
diflerence between the estimauon valve, and a tar el value
of the thermal feeling that is an estimation value of target
thermal feeling comfortable for the passenger, in such a
manner that the estimation value of the thermal fcelin
coincides with thc tar ct value of thc thermal fi:cling.
Because thc air-conditioning is pcrformcd so that thc csti-
mauon value of Ihe thermal leehng coincides with the target
value of. Ihe thermal feeling, air-txtndtttontng control com-
fortable for the passenger can be readily perfnrmed

According to an another aspect of the present mvention,
a surface temperature sensor is disposed for detectin a
surface tcmperaturc of a passen cr in thc passcngcr
compartment, and a mode switching unit is disposed to
automatically switch one of a lirst mode where air is blown
at least toward an upper side of Ihe passenger in the
passenger compartment, aml a second mode where air is
bloivn at least toward a loiver side of the passenger while a
flow of air blown toward the upper side of the passenger is
intcrruptcd. In adtlition, the mode switchin unit switches
between thc first mode and thc secontl mode based on thc
surface temperature of Ihe passenger detected by Ihe surface
temperature sensor. That is, switching operation between the
lirsl mode and the setxtnd mode is performed based on Lhe

surface temperature of the passenger which is information
having strong correlation with the thermal feeling of the



passenger. Therefore, one of. the lirst mode aml the second
mode can be readily sivitched at a suitable time correspond-
ing to the thermal feeling of the passenger

Prcfcrably, when thc surface temperature of the passenger
lower than a lirsl predetermined temperature in a

warmtng-up control operation where temperature of air
blown into lhe passenger compartment is increased after
heating in the passenger cnmpartment is started, the first
mode is selected by the mnde sivitching unit. On the other
hand, when the surface tcmprraturc of thc passenger is '"
higher than thc first prcdctermincd temperature in thc
warming-up control operation, the second mode is seleclecf
by the mode switching unit. Accorcfingly, when healing is
started, hands aml the lil es of. Ihe passenger can be rap&el ly
heated using the first mode, and a heating acceleration effect
can be ensurecl in the upper half body of the passenger On
thc other hand, hcatin fi:cling can be aiso prevented front
being uncomfortable duc to thc first niode.

Alternatively, a vehicle air conditioner includes a lirst
mode switching unit for switching one of a plurality of o

modes in accordance with an air-conditioning condition, a
surface temperature sensor for detecting a surface tempera-
ture of thc passcngcr in thr passcngcr compartment, and a
second mode switching unit for switching onr of a first niode
anil a second mode in accordance with Ihe surface tempera-
ture of the passenger cfelectecl by the surface temperature.
sensor The pfurahty ot'odes at least including the first
mode where air is bloivn at least toward an upper side of a
passenger in the passenger compartment, and the second
mode whcrc air is blown at least toward a lower side of thr

) )

passcngcr while a flow of air blown toward the upper side of
the passenger is interruptecl. In adcfiuon, the lirsl mode
switching unit switches one of Ihe phirality of. modes in an
air-conditioning statinnary operation, and the secnnd mode
switching umt switches one nf the first mode and the second
mode in a warming-up control operation ivhere temperature
of air is incrcasccl after heating in thc passenger compart-
ment is started. Accordin ly, thc air-conditioning control can
be suttably performed, while comfortable thermal feeling is
given to the passenger. so

BRIEF DESCRIPTION OF THE DRAWINGS

Additional of&jects and advantages of the present inven-
tion will be mnre readily apparent from the folloiving &5

dctailcd description of preferred en&I&odinients ivhrn taken
togcthcr with the accompanying drawings, in which:

FIG. I is a schematic cfiagram showing an entire con-
struction of a vehicle air cnnditioner according to a first
embodiment of the present invention; 50

FIG. 2 xs an exploded perspective view showing a surt'ace
temperature sensor shown in FIG. I;

FIG. 3 is a schematic sectional view shov:ing ihe surface.
temperature sensor according to the first embodiment,

I'IG. 4 is a perspective view showing a set position of the
surface temperature sensnr in a passenger cnmpartment,
according to the first embodiment;

FIG. 5 is an enlarged front view showing an operation
panel shown in FIG. 4; io

FIG. 6 is a flow diagram showin air-conditioning control
performed by an electronic control unit, accorcfing to Ihe lirst
embodiment,

FIG. 7 is a flow diagram showing a control process al step
S130 shnwn in FIG 6; 65

I'IG 8 is a flow diagram showing a control process at step
S135 shnwn in FIG 6;

FIG. 9 ts a flow diagram showmg a control process al step
S140 shown in FIG. 6;

lflG. 10 is a characteristic graph sho&vmg a relationship
between a target air temperature and a blower voltage in the
lirsl embodiment,

FIG. 11 is a characteristic graph showing a relationship
between the target air temperature and an air inlroducuon
mode in the first embodiment,

FIG. 12 is a characteristic graph showing a relationship
between Ihe target air temperature and an air outlet mode in
Ihe lirsl embodiment,

FIG. 13 is a graph showing a relauonship between clothes
surface temperature aml thermal feehng, accorcling to lhe
lirsl embodiment of lhe present invention,

FIG. 14 is a flow diagram showing a control processin ~

according lo a second preferred embodiment of the present
invention;

FIG. 15 is a schemauc diagram showing an entire con-
slrucuon of a vehicle air conditioner according to a third
preferred embodiment of the present invention;

FIG. 16 ts a front view showing an operation panel
according to lhe third embodiment;

FIG. 17 ts a fiow diagram showing a control processing
according to Ihe lhircl embodiment;

FIG. 18 is a flow dia ram shoivin a control processing
according lo a lourth preferred embodiment of the present
mvenuon,

FIG. 19 is a flocv diagrani showing a control processing
according lo a fifth preferred embodiment of the present
invention,

FIG. 20 is a flow diagram showing a control processin ~

according to a sixth preferrecl embodiment of lhe present
mvenuon,

FIG. 21 is a charac(en&tie graph for obtaimng a humidity
correction value in a seventh preferred embodiment of lhe
present invenuon,

FIG. 2Z is a characteristic graph for obtaining a clothes
amount correction value in an eighth preferred embodiment
of the present invention;

FIG. Z3 is a schemauc diagram showing an entire con-
slrucuon of. a vehicle air conditioner according to a ninth
preferred embodiment of the present invention;

FIG. Z4 is a flow diagram showing an air-condiuonin ~

control according to the ninth embodiment,
FIG. Z5 is a flow diagram showmg a spec&lie example of

determining an air outlet mode according to the ninth
embodiment;

FIG. 26 is a characteristic graph showing a relauonship
between an air outlet mode (normal mode) and a target air
temperature (TAO) in the ninth embodiment;

FIG. 27 is a characlemstic graph showing a relationship
between ihe target air temperature and a warming-up control
operation in the ninth embodiment;

FIG. 28 is a characteristic graph showing a relauonship
between the target air temperature aml a blower voltage
(BI.WN) in the ninth embodiment;

FIG. Z9 is a flow diagram showmg a spec&lie example of
determining the blower volta e according to the ninth
embodiment;

FIG. 30 is a characteristic graph showing a relauonship
bet&veen hot &vater temperature (Tw) and a blower voltage in
the ninth embodiment;

FIG. 31 is a flow diagram showmg a spec&lie example of
determ ining an air outlet mode according to a tenth preferred
embodiment of the present invention;



FIG. 32 is a schematic diagram showing an enure con-
struction nf a vehicle air conditioner according tn an elev-
enth preferred embodiment nf the present invention; and

I'IG. 33 is a flow diagram showing an air-cnnditioning
control of thc vehicle air conditioner according to thc
clcvcnth cmbodimcnt.

l)Lil'AII.Lil) l)ILSCRIPTION

Ol'IIL'RIESLiNTIYPRL'I LRRL'I) EMIIODIMI.'N'I'S

Preferred emlindiments of the present invention ivill be io
described hereinafter with reference to the accompanying
drawings.
(First Embodiment)

Alirst preferred embodiment of the present invenuon will
be now described wuh reference to FIGS. I—13. An air
conditioner I shown in I'IG. I is disposed at a front side in
a passenger compartment 3 In an air duct 5 of the air
conditioner I, an insideoutside air sivitching damper 7, a
blower 9, an evaporator (cooling heat exchanger) ll, an air
mixing damper 13, a heater core (heating heat exchanger) 15 ao

and a mode switching damper 17 are provided v:i(bin the air
duct 5 in Ibis oriler from an upstream air side toward a
downstream air side

When the inside,'outside air switching damper 7 is
switched to a Iirst switching positinn (shoivn by the solid zs
linc in FIG. 1) by a servomotor 19, outside air outside the
passcngcr compartment 3 is introduced into the air duct 5
from an ouLside air introrluction port Sn. On Ihe other hand,
when the insula/outside air switching damper 7 is switched
to a second switching position (shown by the chain line in .io

I IG I), air (inside air) inside the passenger compartment 3
is mtroducerl mto the air duct 5 from the inside air intro-
duction port Sb.

Thc blower 9 blows outside air introduced from thc
outside air introducuon port Sn or ininde air introduced from is
the inside air introduction port Sb Io the evaporator 11 in
accordance with a revolution speed of. a blower motor 23
driven by a driving circuit 21 The evaporatnr 11 cools air
blown from the bloiver 9 using refrigerant circulating in a
rcfngcrant cycle system of the air conditioner. Thc driving so
circuit 21 and thc blower motor 23 construct an air-aniount
mljusting unit for adjusting an amount of air blov:n into Ihe.

passenger compartment 3.
The air mixing damper 13 is dnven by a servomotor 25.

Apart of cool air from the evapnrator 11 flows through the as
heater cnre 15, and the residual other part nf encl air from
thc evaporator ll bypasses the heater core 15. Thc air
mixing tlampcr 13 and thc servomotor 25 construct a tem-
perature adlusung unit for adjusung temperature of. air
blown into the passenger compartment in the lira( embodi- so

ment.
In a face mode for blowing air toward the upper body of

a passenger in the passenger compartment 3, the mode
switching damper 17 is switched to a first switching position
17n (shown by thc chain linc in FIG. I) by a servomotor 27,
so that air is blown toward Ihe upper body of the passenger
in Ihe passenger compartment 3 lrom an air outlet Sc of. Ihe.

air iluct 5. In a foot mode for blowing mr toward Ihe foot area
of the passenger in the passenger cnmpartment 3, the mode
switching damper 17 is switched to a secnnd sivitching so
position 17b (shown by a broken line in FIG. 1), so that air
is blown towartl thc foot area of the passenger in thc
passenger compartment 3 from an air outlet Sd of. the air duct
5 In a bi-level mode, the mode switching damper 17 is
switched to a third sv:itching position (shov:n by ihe solirl ss
line m l1G I), so that air is blnwn from both the air outlets
Sc, Sd

The servomotor 19, Ihe tluving circuit 21, the servomo-
Lors ZS, 27 receive control signals from an elec(rome control
unit (ECU) 30 to drive thc inside outsitlc air sivitching
damper 7, thc lilowcr 9, the air mixing (tamper 13 anti thc
mode switching damper 17, respectively

The LCU 30 reads output signals from a surface tempera-
ture sensor 31 (non-contact temperature sensor), a water
temperature sensor 32 (coolant sensor), an evaporator-outlet
tcmpcraturc sensor 33, an open tlc rcc sensor (A'M open
dcgrce sensor) 34, a tcmpcrature setting unit 35, a solar
radiation sensor 37, an outside air temperature sensor 30 and
the like through an A/I) converter 30. 'I'he surface tempera-
ture sensor 31 detects surface temperature Tir of a

temperature-detected body, the water temperature sensor 32
detects tcmpcrature (ivater tempcraturc) Tw of cooing v ster
of a vchiclc cnginc, the evaporator-outlet tempcraturc sensor
33 detects temperature (evaporator temperature) Te of cool
air immediately after passing through the evapnrator 11, the
A/M open degree sensor 34 contained in Lhe servomotor 25
detects an actual open degree 0 of Ihe air mixing damper 13,
thc solar radiation sensor 37 detects intensity (solar radiation
intensity) Ts of solar raduiuon entenng into the passenger
compartment 3 anil the outside air temperature senmir 38
detects outside air temperature Tam lrurther, a set tempera-
ture Tact in the passenger compartment is set by the tem-
perature setting unit 35 according to preference of a pas-
sen cr.

Further, thc ECU 30 reads signals from an operation
switch 36 lor starting and stopping operauon of the air
conditioner, aml Irom a clothetl-amount setung switch
(clothes amount setting unit) 41 for setting a clothed amount
of a passenger (e g., heavy clothes and hght clothes).

The L'CU 30, for performing air-conditioning control
based on thc above signals, is compose(I of a central
processing unit (CPU) 30a, a read only memory (ROM) 30b,
an output portion 30c and a crystal oscillator 3Ud. The CPU
30a receives each signal aml calculates each operauon
amount of. the above components, aml the ROM 30b stores
execution commands of a tlow diagram described later I'he

output portion 30c outputs contrnl signals to each of the
aliove coniponcnts in secor(lance with thc operation
amounts calculate(i by the CPU 30a. The crystal oscillator
30d generates a standard clock pulse at several megahertz so
that the CPU 3Un executes digital operation processings
based on software.

When an ignition switch I(i is turned on, the L'CU 30 is
energized by a battery ll and becomes In an operation
capalile condition. Then, when thc opnation switch 36 is
turne(i on, thc ECU 30 starts air-conditionin control.

Next, Lhe surface temperature sensoir 31 (non-contact
temperature sensor) will be now tlescnbed in detail. The
surface temperature sensor 31 according to Ihe lirst embodi-
ment is an infrared sensor for generating an electrical signal
in accordance ivith intensity of infrared rays radiated from a
tempcraturc-dctccted body, morc specifically, is an infrared
sensor using a thermopilc tlctcctor for generating electro-
motive force proportional Io Ihe intensity of infrared rays.

In the surlace temperature sensor 31, as shown in FIGS
2, 3, a detecuon poruon (detecuon element) 31n for detect-
ing infrared rays is disposed on a substrate 31n and is
covered by a metal cup case 31c A bottom pnrtion of the
case 31c has a four-sided opening 31d, and a silicon cover
3le is fitted in the opening 31d. A sirlc rlimension Ll of a
detecuon poruon 31n, a side dimension LZ of the opening
31rl and a Lhmension S between Ihe detecuon poruon 3(rt
and Lhe opening 31d are suitably set, thereby adjusung an
angular range (visibility an le) ri ivhere temperature can be
detected.
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As shown in FIG. 4, the surface temperature sensor 31 is
disposed nn a ceihng 30 amund a rearview mirror 3a at a
front from a passenger M (i e., driver M) I'urther, the
surface temperature sensor 31 is set toward an upper half
body of thc passen cr M except for a face portion thereof,
to dctcct thc surface tempcraturc Tir of thr clothes portion of
the passenger M at the upper half body (more specifically, a
chest portion anti a belly portion). The surface temperature
sensor 31 can be disposed on a vehicle pillar 3c, for
example lu

In HG. 4, an operation panel 3e is disposed on an
instrument panel 3d at a center portion in a vchiclc right-left
direction. As shown in FIG. 5, thc temperature setting unit
35, lhe operation swnch 36, lhe clothes-amount selnng
switch 41 anti lhe like operatable by the passenger M are.

disposed nn the nperation panel 3e
Next, the air-conditioning control performed by the ECU

30 will Iie noiv described with reference tn the flow diagram
shown in FIG 6. When the air-conditioning control is
started, counters and fla s, used for later procrssings, arr ao

inilialized al step S100. Thereafter, al slap S110, lhe ECU 30
reacts switch signals such as the sel temperature Tsel from
the temperature setting unit 35 and the cinthes amount from
the clothes-amount setting switch 41.

At step S120, the ECU 30 reads a signal nf cinthes-surface zs
tcmpcraturc Tir dctccted by thc surface temperature sensor
31 and signals from thr other sensors 32—34, 37, 38. Steps
S110, S120 constitute a signal input unit for inpulnng
inlormanon signals rertutred for lhe air-conditioning control

At step S130, thermal feeling, felt by a passenger noiv, is .io

estimated and is indicated using a numerical value based on
the clothes surface temperature I'ir and vehicle environmen-
tal information (c.g., solar radiation intensity TS) relative to
thc thermal feeling of thc passen er. That is, a thernial-
feeling esnmation value Ss, in which lhe thermal Ieeling of. is
the passenger is inriicated using the numencal value, is
calculated using formula (I) stored in lhe ROM 30k Step
S130 constitutes thermal-feeling value calculating means for
calculating the thermal-feeling estimatinn value Ss

As shown in FIG. 7, detaii processing at step S130 is as Io
follows A relationship bctwcen thr themial fceiing and the
clothes surlace temperature Tir ts changed by the clothes
amount Therefore, a clothes-amount correcuon coeliicient
Cclo is oblaineil from the clothes amount CA read at step
S110 to correct this change Further, the relationship as
Iietween the thermal feeling and the clothes surface tem-
pcraturc Tir is changed duc to solar radiation intensity Ts.
Thcrcforc, a solar radiation correction value Cs is further
obtained from the solar raduition inteninly Ts read at step
S120 lo correct this change. Thereafter, the thermal-feeling io
eslimanon value Ss is calculated using the following for-
mula (I) based on the correction coefficient ('cio, the solar
radiation correctinn value Cs and the clnthes surface tem-
perature Tif.

Su=colo (Tir— TI+C (0
"

wherein, a constant T imhcates a clothes surface temperature.
(e.g., lhe constant T is about 27'. when lhe solar raduinon
is not cnnsidered in the outside air temperature of 20'.)

I'or example, when the thermal-feeling estimation value ao

Ss, calculated usin thc formula (I), is zero, it is cstimatcd
that thcrc is non-thermal feeling of thc passcngcr M, that is,
il is esnmated that the passenger M does not feel w arm anti
cool.

When the thermal-feeling eslimauon value Ss is posinve, as
the thermal feeling nf the passenger M is changed from
warm feeling to hnt feeling as the thermal-feeling estimation

value Ss increases. Specifically, when lhe thermal-Ieeling
estimation value Ss is +I, the thermal feeling is estimated to
be slightly warm feeling When the thermal-feelin estima-
tion value Ss is +2, it is estimated to be general warm
fcclin . When thc thermal-feeling estimation value Ss is +3,
it is estimated to bc slightly hot feeling. When thc thcrmal-
feehng estimation vahie Ss is +4, it is estimateii to be hot
facing. In addition, when the thermal-feeling estimauon
value Ss is +5, it is estimated to be very hot feeling

On the other hand, when the thermal-feeling estimation
value Ss is negative, the thermal feeling of the passenger M
is chan ed front cool fcelin to cold fi:cling as thc thcrmal-
fcelin estimation value Ss rlccrcascs Specifically, when thc
thermal-feelin ~ esnmanon value Ss is — I, the thermal leel-
mg is esnmated to be slightly imol Ieeling. When the
thermal-feeling estimation value Ss is —2, it is estimated to
be cool feeling. When the thermal-feeling estimation value
Ss is —3, it is estimated to be slightly cold feeling When the
thermal-feeling estimation value Ss is —4, it is cshmatcrl to
be colrl feeling. Further, ivhcn thc thermal-feeling estimation
value Ss is —5, it is estimated to be very cold feeling.

At step S135, the thermal feeling comfortable Ior the
passenger M in various vehicle environmental mnditions, is
indicated using a numerical value based on vehicle envi-
ronmental information (e, the outside air temperature Tam
and thc solar radiation intensity Ts) relative to thc thermal
fcelin of thc passen cr M and thc thermal fi:cling infor-
maison (e.go Ihe sel temperature Teel) determined by pref-
erence of. the passenger M. That is, a thermal-Ibeling target
value St, at ivhich the themial feeling comfnrtable for the
passenger M is indicated using the numerical value, is
calculated usin the formula (2) Step S135 constructs
thermal-feeling target value calculating means for calculat-
in thc thermal-fccling tar ct value St.

As shown in FIG. 8, a detad control processing at step
S135 is as follows. That is, a set temperature correcuon
value Ssel is obtained from the sel temperature Tsel read at
step S110 for reflecting the preference temperature of the
passenger M I'urther, because the thermal feeling comfort-
alile for thc passen cr M is changed in accordance with the
outside air temperature Tam, an outsirlc temperature correc-
tion value Sam is obtained Irom lhe outside air temperature
Tam read at step S120. Furthermore, because the thermal
facing is changed in accortlance with the solar radianon
intensity Ts, a solar radiation correction value Ssun is
obtained from the solar radiation intensity 'Ik read at step
S120. Thus, a thermal feeling target value St is calculated in
accordance with thc following formula (2) Iiy using these
correction values Ssel, Sam, Ssun.

Xi=a i+to +t)

When warm air-conditioning mntrol is performed in a
case ivhere the thermal feelin target value St, calculated
usin the formula (2), is positive anil small, thc passenger M
feels comfortalile. When hot air-conditioning control is
performed in a case where the thermal feeling tar et value
St is positive anil large, the pasvenger M teals comfortable

On the other hand, when cool air-conihnoning control is
performed in a case ivhere the thermal feehng target value
St is negative and its absolute value is small, the passenger
M feels comfortalile. Further, when cold air-conditioning
control is performed in a case ivhcrc the thermal feeling
target value Sl is negative and ils absolute value is large, the
passenger M feels comfortable.

At step S140 (see FIG. 0), a uirget air temperature TAO,
that is a target control temperature of air blown into a

passenger compartment, is calculated usmg the following



formula (3) stored ln the ROM 30b based on the Ihermal
feeling target value St calculated at step 135 and the thermal-
feeling estimation value Ss calculated at step S130 Step
5 f40 cnnstitutes target air temperature calculating means for
calculating thc target air tcmperaturc TAO.

Tao=Tv(5)-sn&xaw Tais-xn Ti+c (5)

wherein, K indicates a control coefficient, Kam indicates an
outside temperature correction coefficient, Ks indicates a

iu
solar radiation correction coefiicient, and ('ndicates a
constant.

Then, thc following control is pcrformcd based on thc
target air temperature TAO calculated using the formuhl (3).
Atr-conditioning control is performed so that Ihe Ihermal-

15
feeling esllmauon value Ss coincicfes v:1th the thermal
feeling target value St. That is, the air-conditioning control
is performed in a control direction where the passenger M
fccls to bc comfortable. In thc forniula (3), further, thc target
air tcmpcraturc TAO is caiculated usin the correction

o
cocfhcicnts of thc outside air tcmpcraturc Tam and thc solar
ralhatton intensity Ts. That is, the large( air temperature TAO
ls calculated while vehicle thermal loads ts conslderecf.

At step S 150 m I'I (i 6, a voltage (bio)ver vol tage) applied
to the blnwer motor 23, which corresponds to a target air

zs
amount TAO, is dctcrmincd using thc characteristic map 'hownin FIG. 10 stored in the ROM 30b, based on the tar ct
air tcmpcraturc TAO calculated at step S140.

At step SI60, a target open degree Oo of the mr mixing
damper 13 ls calculated using Ihe following formula (4) li)
stored m the ROM 30b based on the lvater temperature Tw,
the evaporator temperature I'e and the target air temperature
TAO. Thc water tcmpcraturc Tw and thc evaporator teni-
pcraturc Tc arc read at step S120, and thc target air teni-
pcraturc TAO is calculated at step S140.

Oa=[(TIO— TcutTii— Tc)] Lrlu( I 1

At step S170, an air introductinn mnde is determined
among an inside air intrnduction mode, an nutside air
introduction mode and an inside/outside air mixing niode so

(half inside air mode) using a characteristic map shown in
FIG. 11, stored ln Ihe ROM 3Ub, based on Ihe target air
temperature TAO.

At step S180, an air outlet mode ls determined among a
face mode (I'A('.Li), a bi-level mode (13/I.) and a fnot mode as
(I'OO'I') using the characteristic map shown in 11G 12,
stored in thc ROM 30b, based on thc tar et air tcmpcraturc
TAO.

At step S190, a blower-voltage control signal, an alr-
mlxtng-damper open degree control regnal, an inside/outside so

air introduction mode control regnal ancf an air outlet mode
control signal are output ted to the driving circuit 21 and the
servomotors 25, 19, 27, respectively, in accordance lvith
calculation results at steps 515~180.

At step S200, it is dctcrmined whether a cycle time of at" ..
passes. Aller Ihe cycle lime "I. passes, the control rounne.
returns to step S110.

Each component of. the vehicle mr conditioner 1 ls oper-
ated based on cnntrof signaLs outputted at step S190, and
air-conditioning control is performed so that the thermal-
fccling estimation value Ss coincides with the themial
fccling target value St, thcrcby realizing the air-conditioning
control comfortable for the passenger M.

In Ihe first embolhment of the present invention, Ihe
thermal facing ls eslimalecf utung Ihe clothes surface tern- ss
perature Tir based on the strong reiatinnship betlveen the
clothes surface temperature Tir and the thermal feeling of

xi=Cela'Tic— T)+Ci (5)

Although Lhe clothes amount correcuon coeihclentCclo's

linearly changed ln Lhe outside air temperature Tam from10'. Lo 30'. Ln Lhe secx)nd embodiment, it can be
changed in step.

As sholvn in 11(l 14, in the second embodiment of the
present invention, thc clothes amount correction coc15cicnt
Cclo's constant in the outsiclc air tempcraturc Tam lover
Ihan 10'. and higher Ihan 30'. in the second embodi-
ment. However, Ihe clothes amount correction coeihcienL
Cclo, can be suitably changed even ln the outside air
temperature Tam lower than 10''nd higher than30''n

the above-described first and second embodiments of
the present invention, thc clothes amount correction coe15-
cicnt is obtainccl from thc clothes amount or thc outsiclc air
temperature Tam, respectively. However, Lhermal capacity
of. the clothes ts obtained from a changing rate of the clothes
surface temperature Tlr, and an clothes amount is obtained
from the them)sf capacity, so that the clothes amount cor-
rection coefFicient can be obtained from the clothes amount
Specifically, vvhcn thc clothes is sct to become heavier as thc
capacity of thc clothes becomes larger, the clothes amount
correction coeificlenl Cclo's made smaller as the capacity
becomes larger (heavier clothes).

(Third Embodiment)
The third embodiment of the present invention lvill be

nolv described with reference to 1 1(lS. 15—17 In the above-

10
Ihe passenger M. This relationship, as shown in FIG 13, has
been found by many feeling tests performed by the present
inventors As shown in I'IG. 13, further, it has been also
founded by the inventors that the solar radiation intensity
affccts thc thermal feeling. Thc clothes portion of thc
passen cr M has a lar cr area than a face portion thereof,
and a movement distance (movemenl amount) of Lhe clothes
poruon is smaller than that of the face porhon ln a sealed
condition Therefore, irrespective of movement, a physique,
a seating posture and the like of the passenger M, the clothes
portion hardly deviates from the temperature detection ran e
of thc surface tempcraturc sensor 3.

Accordingly, thc thermal feeling of thc passenger M can
be always accurately esumaled using the clothes surface
temperature Tir, thereby always realizing comfortable alr-
cotlclllionitlg conlrol.

(Second Lmbodunent)
In the above-described first embodiment, clothes amount

inforniation is inputtccl by thc passen cr M using thc clothes
amount scttin switch 41, and the clothes-amount correction
coeliicienl Cclo is obtained from Ihe clothes amount infor-
mahon. In Ihe second embodiment of Ihe present invenuon,
holvever, a clothes-amount correction coefficien Cele's
obtained from the outside air temperature I'am.

In the second embodiment of the present invention, the
clothes amount setting switch 41 clcscribcd in the first
cmbodinicnt is eliminatccl, and step S130 of thc first embodi-
ment is changed to slap S130A shown in FIG 14. The other
parts ln the second embodiment are idenhcal to those ln the
tirst embodiment, respectively.

In the second embodiment, the clothes of the passenger M
is set to become lighter as the outside air temperature Tam
becomes higher, and thc clothes amount correction coc15-
cicnt Cclo's obtained froni thc outsiclc air tempcraturc Tam
as shown al step S130A in FIG. 14. Then, Lhe thermal-
feehng eshmauon value Ss ls calculated using the following
formula (5) stored ln Lhe ROM 30b based on the clothes
amount correction coefficient Cele'nd the like, thereby
estimatin the thermal feeling of the passen er M
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descnbeti lirst embodiment of. )he present invenuon, pref-
erence temperature of the passenger is set using the tem-
perature setting unit 35. flnwever, in the third embodiment,
the preference thermal feeling of the passenger (thermal
fccling information) is set using a thernial feeling setting
unit 43 shown in FIGS. 15, 16. According to this change in
the third embodiment, step SI35 in the first embodiment is
changerf to slap SI35A shown in FIG. 17. The other paris in
the third embodiment are identical to those in the first
embodiment, respectively. 16

lfy using the thermal feeling setting unit 43 of the third
cmbodimcnt, thc thermal feeling can be set at plural thermal
fcclin steps from a coid feeling step to a hot feeling step.
As shown in FIG 17, a sel thermal-feeling correcnon value.
Ssel's obtained in accordance with the preference thermal
feeling set hy the passenger using the thermal feeling setting
unit 43. I'urther, the outside temperature correction value
Sam and the sofar radiation cnrrection value Ssun are
obtained in accordance with thc outside air temperature Tam
anil thc solar radiation intensity Ts, rcspcctivcly. Then, thc zo

thermal feeling target value St is calculated utung ihe fol-
lowing formula (6) based on lhe correction values Sseth
Sam, Ssun.

5)=aa)) +5 au+5)fal (6l
zs

In thc third cmbodimcnt of thc present invention, air-
conditiomn control is performed so as to rcficct the pref-
erence thermal feeling of. the passenger, thereby realizing
comfortable air-5:onduioning control coincirfing with lhe.

preference thermal feeling lo

In the third emhodi)neat of the present invention, the
thermal feehng is set at the plural thermal feeling steps hy
thc thermal fccling setting unit 43. However, plural themial
fccling sclcction switches (e.g., a cold scicction switch, a
cool selection switch, a warm selecuon switch, a hol selec- is
tion switch and the like) can be provided, and the preference
thermal feeling (thermal feeling information) can be set by
selecting one of these plural selection switches

(I'ourth Embodiment)
Thc fourth cmbodimcnt of thc present invention )vill be do

now dcscnbed with rcfcrence to FIG. 18. In thc fourth
embothment, step S14U rfescribed in the first embodiment,
where the target air temperature TAO is calculated,
changed to slap SI4UA shown in FIG. Ig. The other parts in
the fourth embodiment are identical to those in the first ts
embodiment, respectively.

In thc fourth embodiment, the target air tcmpcrature TAO
is calculate(I using the following forniula (7) stored in thc
ROM 30h, where the correction terms of the outside, air
temperature Tam anti the solar raduiuon intensity Ts are So

eliminated so as to simpliTy lhe TAO calculation.

TAO=K (5)-.5) l+C

In thc fourth embodiment, thc air-conditioning control is
pcrformcd so that thc thermal-feeling estimation value Ss ..
coincides with lhe thermal feeling target value St, thereby
reahzing the air-conihlioning control comfortable ior lhe.

passenger M
(I'ifth Embodiment)
The fifth embodiment of the present invention )vill be no)v

dcscribctl with rcfcrcncc to FIG. 19. In the fifth enibodimcnt
of thc prcscnt invention, step S140 (refer to FIG. 9) in thc
first embodiment is changed to slap SI40B as shown in FIG.
19. The other parts in the Iifth emborfiment are idenhcal io
those in lhe first embodiment, respectively. 65

In the fifth emlindiment, the target air temperature TAO is
calculated using the following formula (I() stored in the

ROM 3017. In the formula (g), an integral term is addeil to the
TAO calculation formula in the fourth embodiment, and a

proportional integral contrnl (PI control) is performed,
thereby i)nproving control stability.

Tao=K (S)- 5))-/() '(5)- )a)d)+C

wherein, Kt indicate) a coefficient of the integral term.
(Sixth Emboihmenl)
The sixth embodiment of the present invention will be

now described )vith reference to l)I(L 20 In the sixth
cmbotlimcnt, step S140 (refer to FIG. 9) in the tirst cmbotli-
mcnt is changed to step S140C shown in FIG. 20. Thc other
paris in the sixth embodiment are identical lo those in the
lir)t embodimeni, re)peclively.

In the sixth embodiment, the target air temperature TAO
is calculated hy the following formula (9) stnred in the ROM
306. In the formula (9), a differential term is added to the
TAO calcmlation formula rlcscribcd in the fifth cmhodimcnt,
and the proportional intc ral and tlcrivativc control (PID
control) is pcrformcd, thcrcby improving control stability
and reducmg m)nvergence time.

Z)O=K (S)— )))-K) '(5)— )))d)—Kd d(S)-S())n+C (9))

wherein, Kd indicates a coefticient of the differential term
(Seventh Embotlimcnt)
Thc scvcnth cmbodimcnt of thc present invention will bc

now descnbed with reference to FIG. 21. In the ahove-
described lira( embodiment, the thermal feeling target value
St is calculated using the set temperature Tset, the outside air
temperature Tam and the solar radiation intensity Ts
I io)vever, since the thermal feeling, )vhich is cnmfortahle for
thc passcngcr, is chan cd in accordance with rclativc
huniitlity, relative humirlity is inputted as a vchiclc environ-
mental comiition reLilive the thermal feeling of the
passenger, and the thermal feeling target value St can be
calculated while the reLi live humidity i) considered.
Specifically, a humidity correction value Shum is ofitained
from the characteristic map in I l(l 21, stnred in the ROM
30h, anil thc thermal feeling target value St is calculated
usin a formula(St=Ssct+Sam+Ssun+Shum). In thc scvcnth
embodiment, the other par(5 are similar to those of the
above-described first embodiment.

(Eighth Embodiment)
The eighth embodiment of the present invention )vill be

now described with reference to I l(l 22 'I'he clothes surface
tcmpcraturc Tir is change(I in accortlancc with thc clothes
amount cvcn when thc inside air tcmpcrature anil thc solar
radiation inten)ily are not changed. That is, when inside air
temperature is lower than body temperature oi. a passenger,
lhe clothes surface temperature Tir becomes higher due to
the body temperature of the passen er as the clothes of the
passenger becomes lighter. In the above first embodiment,
therefore, thc thermal-feeling estimation value Ss, including
thc clothes surface tcmpcraturc Tir in thc calculation
formuLi, i) changed m accordance with a change of the
clothes amount even when the inside air temperature and the
solar rathation intensity are not changed In addiuon, in the
first embodiment, since the tar et air temperature TAO is
calculated by a difference between the thermal-feeling target
value St and the themial-fccling estimation value Ss and thc
like, the target air tcmperaturc is also change(I in accordance
with the clothes amount, thereby someumes not realizing
air-conditiomng control that is comfortable for the passenger
M.

In the eighth embodiment of the present invention,
therefore, the clothes amount correctinn value Sclo is
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obtained from the characterisnc map shown in FIG. Z2
stored in the ROM 30h, and the thermal feeling target value
St is calculated using a formula (St=Sset+Sam+Ssun+Scio)
Accnrdingly, the changed pnrtion of the thermal-feeling
estimation value Ss duc to thc clothes amnunt can bc
cancclcd, and thc target air temperature TAO can bc suitably
sel, thereby realizing air-conditioning control that is lait by
the passenger M to be comfortable.

(Ninth Embodiment)
The ninth embndiment of the present invention &vill he in

now described with reference to I)IGS 23—30 As shown in
FIG. 23, a vchiclc air conditioner 100 includes an air duct
102 through which air flows tnward thc passenger
compartment, a blower 103 for blowing air toward Ihe.

passenger compartment through Ihe air duct 1U2, an evapo-
rator 104 for cooling air flnwing in the air duct 102, an air
temperature adjusting unit 105 nt'n air mixing type for
adjusting temperature of air blown into the passenger
compartment, and an electronic control unit (ECU) 106 for
controlling each air-conditioning member. o

The air iluct 1U2 is riisposed in Ihe passenger compari-
ment at a front sale, an in)nile air introduction port 107 anil
an outside air introduction port 108 are prnvided in the air
duct 102 at a mnst upstream air side. An inside/outside air
switching rlamper 109 are rotatahly dispnsed inside the zs
inside air introduction port 107 and the outside air intrnduc-
tion port 108. Thc inside outside air switchin damper 109
is driven by a servomotor 110. The inside/oulsirie air switch-
ing damper 109 is disposed to switch one of an inside air
circulation mnrle (inside air intrnduction mode) ivhere air
inside the passenger compartment (inside air) is intrnduced
from the inside air introduction pnrt 107, and an outside air
circulation mode (outside air intrnduction mode) where air
outside thc passen cr compartment (outside air) is intro-
duced from Ihe outside air introduction port IU8. 55

Plural air outlets are prov)iieet in the air duct 102 at a
downstream air side. The plural air outlets include a
defroster air outlet 111 frnm ivhich conditioned air is blown
toward a windshield, a face air outlet 112 frnm which
conditioncrl air is blown toward thc upper haif body of the sn

passcngcr anil a foot air outlet 113 from which conditinned
air is blown toward Ihe lower half boriy (foot area) of Ihe.

passenger.
A delroster damper 114, a face riamper 115 and a foot

damper 116 are rotatahly provided at upstream air sides of zs
these air nutlets 111 — 113, respectively. These defroster
damper 114, face damper 115 and foot damper 116 arc
driven by a common servomotor 117 through a link niccha-
nism (not shown)

A revolution speed of. the blower lU3 is controlled by a sn

blower motor 121 lo which voltage controlled by a blower
drivmg circuit 120 is applied. The bio&ver 103 introduces air
from the inside air intrnduction port 107 and/nr the outside
air introrluction port 108, and l&inws introduced air into the
passcngcr compartment through the air duct 102.

The evaporator 104, ihsposed in Ihe air duct 102 at a
downstream air side of the blower 103, is a cooling heat
exchanger for cooling air blown by the blower 103, and il is
one of cnmpnnents constituting a refrigerant cycle system
122. i I)

Thc rcfingcrant cycle systeni 122 is constructed so that
rcfn crant circuiatcs through a compressor 123, a condenser
124, a receiver 125, an expansion valve 126 aml the evapo-
rator 1U4 The compressor 123 is dnven by a vehicle engine
(not shown) through a solenoid clutch 123a. 65

In the refrigerant cycle system 122, air-cnoiing nperation
of the evaporatnr 104 is performed hy nperation of the

compressor 123, and Ihe air-coohng operation is stopped by
stopping the operation nf the compressor 123

In the ninth embodiment, the air temperature adjusting
unit 105 includes a heater core 127, an air mixing damper
128 and thc like. Thc heater core 127 is a heating heat
exchan cr for heating air usin cooling water (hot water) of
Ihe vehicle engine as a heal scoria:. The heater core 127 is
disposed al a downstream air side of the evaporator 104 to
heat cnnl air bavin passed throu h the evaporator 104.

The air mixing damper 128 is rotatabiy disposed at an
upstream air side of the heater cnre 127. 'I'he air mixing
damper 128 adjusts an aniount of air (hot air amount)
passing throu h the heater core 127 and an amount of air
(cool air amount) passing through a bypass passe e 130
while bypassing the heater core 127 in accordance with ihs

open degree set by a servomotor 129.
The ECU 106 includes a central prncessmg unit (('PU)

131, a read only memory (ROM) 132, a random access
memory (RAM) 133 and the like. Control programs for
air-conditioning control in the passen cr compartment is
stored in Ihe ROM 132, anil Ihe ECU 106 perlorms each
operation and each processmg based on the stored control
pfogranis

The above servomotnrs 110, 129, 117 are electrically
connected tn an output side nf the I'CU 106, and a revnlution
spccd of thc blower motor 121 is controflcrl by thc blower
driving circuit 120. An air-mixin open rlc rcc sensor 134,
for delecun ~ an open degree 0 of the air mixing damper 128,
is prov)cled in the servomotor IZ9, and is electncally con-
nected to an input side of the ECU 106

The solennid clutch 123a of the compressor 123 is
electrically connected to the output side of the ECU 106
throu h a compressor rlrivin circuit 123b, anil thc soknoirl
clutch 123a bcconies to a connection conrlition by energiz-
in ~ a coil of the solenoid clutch 123a. Thus, lhe rolauonal
force of the engine is transmiuerl to the compressor 123,
Ihereby dnving the compressor 123.

An inside,'outside air changing switch 136, a temperature
setting switch 137, a defroster mnde setting switch 138 and
the like, provided on an instrument panel (not shown)
provided in thc passcngcr compartment at a front side of thc
driver seat, are rx)nnected lo lhe mpul sirle of the ECU 1U6

Further, a surface temperature sensor (i e., non-contact tem-
perature sensor) 139, an outside air temperature sensor 140,
a water temperature sensnr 141, a snlar radiation sensor 142
and an evaporator temperature sensnr 143 are connected to
thc input side of thc ECU 106.

The surface tcmperaturc sensor 139 dctccts surface tem-
perature Tir'f a passenger (specilically, a dover) in a
non-conlacl slate, and a signal of Ihe detected temperature is
inpuned into the ECU 1U6. Specifically, Ihe surlace tem-
perature sensor 139 is cnnstructed by an infrared sensor, and
is disposed in or around an air-conditinning nperation panel
150 located in thc instrunicnt panel, for example. This
infrared sensor detects a change of infrared ray intensity duc
lo a chan e of surface temperature mainly al an upper half
body of. the passenger m a non-contact state. The inlrared
sensor uses a thermopile detector for generating electromo-
tive fnrce in accordance ivith a change of infrared ray
intensity

The surface tcmpcraturc sensor 139 detects the surface
tcmpcraturc of thc passcngcr, and the surface tcmpcrature is
influenced by inside air temperature in Ihe passenger com-
partment. Therefore, Ihe surface temperature detected by lhe
surface temperature sensor 139 inclurles informanon corre-
spnnding to a change of inside air temperature. In this
example, therefore, an inside air temperature is eliminated
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Tlo=r'» i Teer-Kie T»»-Ka»» T»»i —T'» T»+C (ini

aswherem, Kset indicates a set temperature correction
cocfhcicnt, Kir indicates a passen er surface temperature
cocfhcicnt, Kam indicates an outside temperature correction
cocfficicnt, Ks indicates a solar radiation correction
coeihcienl, aml C indicates a correction constant.

50
At step S35U, an air blowing amount of the blower 103 is

set based on the abnve target air temperature IAO
Specifically, a blnwer vnltage 33I.W applied to the blower
motor 121 through the blower driving circuit 120 is dctcr-
mincd by a later-rlcscribcd method.

At step S360, a target open degree 00 of thc air mixing
"

damper 128 is calculated using lhe following Iormula (Il).

OO=[(T10— T*l,'(Ti -Tel] lODieil

At step S370, the inside air introductinn mnde nr the
outside air introduction mode is detemiined based on the
target air tcmpcraturc TAO, as an air introduction mode.

Specilically, the inside air introducnon mode, where lhe
inside air introduction port 107 is entirely opened anil lhe
outside air introilucuon port 108 is entirely closed by lhe Ds

inside,'outside air switching damper 109, is selected in a
range (maximum cooling range) where the target air tem-

The out»tile air temperature sensor 14U rletects tempera-
ture (outside air temperature) Tam outside the passenger
compartment, and the water temperature sensor 141 detects
temperature (water temperature) Ikv of hot water frnm the
vchiclc engine. The evaporator temperature sensor 143
dctccts tcmpcraturc (evaporator tcmpcrature) Te of air
blown from lhe evaporator 1U4, aml the solar radiation
sensor 142 detects intensity (solar r;uhation inteniuly) Ts of.

solar radiation entering into the passenger compartment
Signals nf the nutside air temperature I'am, the seater tem-
perature 'I'iv, the evaporatnr temperature Te and the solar
radiation intensity Ts from the sensors 140—143 are also
inputtcrl to thc ECU 106.

Next, on operation of lhe vehicle air conditioner accord-
ing lo lhe mnth emboiliment will be now descnbed with
reference tn the fioiv diagram shown in I'l(i 24

When a power sivitch is turned on, the E('U 106 starts a
control program, and it perfnrms operation and processing in
accordance with thc flow diagram.

At step S310, various kind of counters, control flags and zo

the likes are initialized. Then, at step S32U, a signal of. a set
temperature Tact from the temperature setting switch 137 is
read, and it is stored in the RAM 133

At step S330, signals from various kinds of sensors are
read in order to detect an environmental cnndition affecting zs
an air-conditioncrl state in the passenger compartment. That
ts, a signal of thc passenger surface tcmpcrature Tir front the
surface temperature sensor 139, a iugnal of the outside air
temperature Tam from the outside air temperature sensor
140, a signal of the water temperature I'w from the seater
temperature sensnr 141, a signal nf the solar radiation
intensity I'5 from the snlar radiation sensor 142 and a signal
of thc evaporator tempcraturc Tc from thc evaporator tem-
pcraturc sensor 143 arc read, and they arc stored in thc RAM
133. 55

At step S34U, the target air temperature TAO to be blown
into lhe passenger compartment is calculated usin ~ lhe
following formula (IU) I'he target air temperature TAO is a
target air temperature required to maintain temperature of
thc passenger compartment at thc set temperature Tact ao

irrcspcctivc of a change of the vehicle environmental con-
dition (air-conditioning heat lotul conrliuon).

perature TAO becomes equal lo or lower than a predeter-
mined temperature. When the target air temperature 'I»AO

becomes higher than the predetermined temperature, the
outside air introduction mode, ivhere the inside air intro-
duction port 107 is entirely closcrl and the outside air
introrluction port 108 is cntircly opcncd by thc inside outsirlc
air switchin ~ damper 1U9, is selecleil.

Further, an inside»outside air mixing mode I or introducing
outside air and inside air can be set between the inside air
introduction mode and the outside air introduction mode

At step S380, intermittent operation control of the com-
pressor 123 is performed by cncr izing anil dc-cncr izing
the coil of thc solenoid clutch 123o. Specifically, when thc
actual evaporator temperature Te is higher than an evapo-
rator target temperature TEO, lhe compressoir IZ3 is oper-
ated by energizin the solenoid clutch 123o When the actual
evaporator temperature Te is lower than the evaporator
target temperature 'fEO, the operation of the compressor 123
is stopped by dc-cncrgizin thc solenoid clutch 123m Thc
actual evaporator temperature Tc is maintained at thc evapo-
rator target temperature TEO using such intermiuent opera-
tion control of. the rximpressor 123.

At step S390, an air outlet mode is delermmed liased on
the target air temperature 'I»AO At step S410, the control
signals detemiined at the above steps 350—390 are output to
the blower driving circxtit 120, thc scrvomotors 110, 117,
129, thc compressor rlriving circxtit 1236 anil thc lite,
thereby controlling operation of the blower 103, the mode
switching dampers 114—116 and the compressor 123.

At step S411, it is determined whether a control cycle time
z passes after processing of step S410 is performed After the
control cycle time T passes, the control routine returns to
step S320. Thc above operation and processing arc rcpcatcd,
so that thc operation of the vchiclc air conditioner 101 is
automatically controlled.

Next, detail descnption will be made on a speciiic
example of an mr outlet mode determination at step S390
with reference to lil(i 25. At step S391, as shown in I I(i. 26,
a normal air outlet mode in an air-conditioning stationary
operation is calculated Iiascd on the tar ct air tcmpcraturc
TAO. A characteristic map (control map) for thc air outlet
mode delerminanon, shown in FIG. Z6, is stored in lhe ROM
13Z. In this example, as shown in FIG. Z6, as the target air
temperature TAO increases, the air outlet mode is automati-
cally changed from a face mode (I A('E) to a foot mode
(I'OOT) through a bi-level mode (l3il.) in this order In 11G
26, for example, TAOU, TAOl, TAO2 anti TAO3 inrlicatc
25'., 30'., 35'. anti 40'., respcctivcly.

In the face mode (first mode), the face air outlet 112 is
opened by lhe lace damper 115, lhe foot air outlet 113 is
closed by the Riot damper 116, and the defroster air outlet
111 is closed by the defroster damper 114. 'I'hus, conditioned
air is iilown to the upper half body side of the passenger only
from thc face air outlet 112.

In thc bi-level motte (first morlc), thc face air outlet 112
is opened by lhe face damper 115, the fool air outlet 113 is
opened by lhe foot damper 116, anil lhe defroster air outlet
111 is closed by lhe defroster damper 114. Thus, conditioned
air is blown to both of the upper half body side and the lower
half body side of the passenger from both of the face air
outlet 112 and the foot air outlet 113 at thc same time.

In thc foot mode (second morlc), thc face air outlet 112 is
closed by the face damper 115, lhe foot air outlet 113 is
entirely opened by lhe foot damper 116, anil lhe defroster air
outlet 111 ts opened at a small open degree by the dei roster
damper 114 'I'hus, conditioned air is blown mainly to the
lower half body side of the passenger from the foot air outlet
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113, aml a small amount of Ihe conriitioned air is blown to
the inside of the windshield in the passenger compartment
from the defrnster air outlet 111 at the same time.

At step S392, it is determined whether air-cnnditioning
operation is pcrformcd in a warming-up contrnl operation
condition. As shown in FIG. 27, thc determination of thc
warming-up condition is performed baseri on the target air
temperature TAO. The charactenslic map (control map)
shown in 11G. 27, is stored in the ROM 132. I'he target air
temperature I'AO is calculated tn be higher than a predeter-
mined temperature I'AO5 in an environmental condition
(high heat load condition) such as a time of startin heating
operation at low outside air temperature in winter. After
heaung operation is started, temperature in the passenger
compartment increases, anti Ihe surface temperature Tir
detected by the surface temperature sensor 139 increases At
this time, the target air temperature TAO decreases gradu-
ally

Thc target air tcmpcraturc TAO decrcascs as tinie passes
after hcatin operation is started. Therefore, at step S392, an

when the target air temperature TAO is higher than Ihe, is
predetermined temperature TAO5, it is determined io be in
the warming-up condition. When the target air temperature
'I'AO is lovver than the predetemiined temperature 'I'AO4, it
is determmerl nnt to be in the warming-up cnndition, that is, "s

it is dctcrmincd to bc in a stationary control condition. At
this air-conrlitionin stationary time, the nnrmal air nutlct
mode calculated al step S391 is linally delerminerl as an
output air outlet mode. For example, the predetermined
temperatures TAO4, TAO5 are 25', 30':., respectively .in

When the vvarming-up condition is determined at step
S392, it is determined whether the water temperature Tiv is
higher than a prcrlctermincd temperature Twn (c.g., 60'.)
at step S393. At an initiai time of warming-up control
operatton, the temperature of condilioneri air blown into Ihe is
passenger compartment is low. In this case, when condi-
tioned air is blown to Ihe upper half body side of. Ihe
passenger from the face air nutlet 112, cool air is blnivn to
the passenger, thereliy making air-conditioning feeling
uncomfortable. Accordingly, at step S393 in FIG. 25, it is sn
dctcrminctl using thc water temperature Tw whether air
temperature of conditioned air is low at the initial lime of Ihe.

warmtng-up control operation.
Specifically, when Ihe water temperature Tw is lower than

the predetermined temperature 'I'wn, it is detemiined to be as
the initial time of the wamiing-up control nperation, and the
normal air outlet mode calculated at step S391 is finally
dctcrmincd as thc output air outlet mode. When thc water
temperature Tw is lower than the predetermined temperature
Two, the target air temperature becomes higher than Ihe sn

predetermined temperature TAO3 in FIG. 26. Therefore, Ihe
foot mode is selected, and it is prevented air-conditinning
feeling from becnming uncomfortable due to cnni air blown
from thc face air outlet 112.

On thc other hand, when thc water temperature Tw is ..
equal lo or higher than Ihe predetermined temperature Two,
the mr outlet mode is determined based on the passenger*s
surface temperature Tir at step S394. That is, at step S394,
when the passenger's surface temperature I'ir is lnwer than
a predetermined temperature 'I'irl, the bi-level mnde (B I.) is sn
sclcctcd When thc passenger*s surface temperature Tir is
higher than a prcdctcrmincd temperature Tir2, thc foot mode
is selected. For example, the prerietermineri temperatures
Tirl, Tir2 are 15'., 20'., respectively.

In Ihe warming-up control operanon condition, Ihe, air ss
outlet mode is directly switched between the bi-level mode
(hrst mode) and the foot mode (second mode) independently

usin ~ ihe passen er's surface temperature Tir'etected by
the surface temperature sensor 139 Therefnre, the fnllowing
advantages are obtained when the mode determination at
step S394 is actuallv used.

First, since thc passenger's surface temperature Tir is an
inforniation having a hi h correlation with the thermal
feehng of Ihe passenger, the air outlet mode can be switched
between the bi-level mode anti ihe fooL mode in ihe
wamiing-up control operation condition at a suitable time
correspnnding to the thermal feeling of the passenger

That is, when the passenger*s surface temperature I'ir is
lovvcr than thc predetermined tempcraturc Tir2, it is in a cool
condition in vvhich thc passenger docs not feel sugictcntly
warm. Therefore, hands of the tlriver or the likes can be
rapidly heaLed by warm air blown from the face air outlet
112 in the bi-level mode, thereby imprnving heating feeling
for the passenger.

When the passen er's surface temperature Tir liecomes
hi hcr than thc predetermined tcmperaturc Tir2, thc passen-
ger feels hot duc to hot air blown from the face air outlet 112.
Al this nme of Ttr&TtrZ, therefore, the air outlet mode is
swilcheil from ihe bi-level mode to the loot mode. Thus, hoi
feeling can be beforehand restricted from heing uncomfort-
able by stopping to blniv hot air from the face air outlet 112
at a suitable time before the passenger feels the hot feeling
Accordin ly, comfortable heating feeling can bc given to thc
passen er in an cntirc pcriorl from the initial time of
warming-up control operation lo the stationary lime.

In addinon, because the switching of ihe bi-level mode
and the font mnde in the warming-up control operation
cnndition can be suitably perfnrmed by usin the passen-
ger*s surface temperature Tir, the control structure of the
ECU can lie simplified.

In thc ninth embodiment of the prcscnt invention, in
accordance with a high relationship between the passenger*s
surface temperature Tir aml Ihe thermal ieeling of ihe
passenger, ihe above mode switching can be suitably per-
fomied using nne surface temperature sensor 39 without
increasing the number of sensors Therefore, cnnstruction of
the ECU can bc niarlc simple and thc vehicle air conrlitioner
is manufacturerl in cost low.

In ihe liow diagram shown in FIG. 25 of the ninth
embodiment, when the foot mode calculated at step S391 is
selected as Ihe air outlet mode in the imual time of the
ivarming-up control operation, the fnot mnde can be
switched tn the bi-level mode based on not the passenger*s
surt'ace tcmperaturc Tir but thc vvater tcmpcraturc Tw. This
reason is as follows.

For example, when a passenger ndes in a vehicle from a
room healed al hi h lemperalure, Ihe passenger's suriace
temperature Tir is high due lo ihe high-temperature room. In
this case, when the foot mnde is switched to the bi-level
mode based on the passenger surface temperature I'ir, the
bi-level mode is selcctcrl even in a case whcrc thc foot mode
should bc originally selcctcd, so that uncomfortable fccling
is given lo the passenger by blowing low-temperature con-
diuoned air. However, the fool mode is switched to the
bi-level mode ai Ihe iniual ume of. the warming-up control
operation based nn the water temperature I'iv cnrresponding
to the temperature of conditioned air, thereby avoiding
generation of thc above uncomfortable fi:cling.

Next, thc blower voltage BLW at step S350 shown in FIG.
24 will be now descnbed in tletail.

Al the stationary time, a blower voltage BLW'N applied to
Ihe blower motor Zl is deiermineil using a control map
shown in 11G. 20 stnred in the ROM 132, based on the target
air temperature TAO calculated at step S340 I lowever, the
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map tn FIG. Zg is sel in a stationary comhnon where Ihe.

water temperature Tw increases suiliciently and heating
capacity of thc heater core 127 is sufficient.

For cxamplc, when thc vehicle air conditioner I is started
and rapid heating is perfnrmed in a passenger cnmpartment
in this case where the ivater temperature is low in ivinter, the
air amount is determined using Ihe map in FIG. 25. At Ibis
time, since the target air temperature TAO is higher than a
prcdctcrmincd tcmpcraturc TAO6 (e.g., 70'.), thc amount
of conditioncrl air bccomcs large. However, since thc water

io
temperature Tw is low, temperature nf conditioned air,
havmg passed through the heater cnre 127, does not increase
substantially Therefore, colrf air is blown to ihe passenger,
and uncomfortable feeling is given lo the passenger.

In thc ninth cmbodimcnt of thc present invention, the
amount of conditioned air is performed while thc warming-
up control operation is considered as shown in Fl(3. 29 At
step S351, the amnunt nf conditioned air is increased in
accordance with the water temperature Tw, and it is deter-
mined whether il is in the warming-up control operauon
whcrc rapid heating is performed in the passcngcr compart- oo

ment. The determination method al step S351 is idenucal io
the method in FIG. 27 rfescribed above. When the target air
temperature TAO is equal to nr higher than the predeter-
mined temperature I'AO5, it is determined to be in the
warming-up control operation. "s

When it is detcrmincd to l&c in the warming-up control
operation at step S351, a blower voltage BLWW in the
warmtng-up control operation is determined as the blower
voltage by using the map shov:n in FIG. 30 stored in Lhe.

ROM 132. In the map shown in I'l(3. 30, the bloiver motor
21 is stopped (SI.WW=U) when the water temperature is
lower than a predetermined temperature Twl When the
water tcmpcrature Tw is between thc prcdctermincd tcm-
pcraturc Twl (c g., 50'.) and a prcdetcrmincd temperature
Tw2 (e g., 50'., TwZ&Twf), the blower voltage BLWW is
increase as Ihe water temperature Tw increases. When Ihe
water temperature is equal lo or higher than prerfeterminerf
temperature I(v2, the blower voltage l3I.WW is set at a
maximum vnftage Vmax.

When thc warming-up control operation is not determined xo

at step S351, thc blower voltage SLWW is set at the
maximum voltage Vmax al step S353.

At step S354, the blower voltage BLWN in the stationary
operation is ifelermineif utung the map shown in FIG. Zg
irrespective of any one ot tile warmiiig-up control operatioii Ls

and the stationary operation. At step S355, a smaller one
voltage, bctwccn thc blower voltages BLWW, SLWN deter-
mined at steps S352&354, is determined as thc output
blower voltage BLW. Thus, the amount of comhnonerf air
can be suitably ifelermineif in the warming-up control opera- so

tion anrf in the stationary operation.
(Tenth L'mbodiment)
The tenth embodiment ot'he present invention ivill be

now dcscribcd with reference to FIG. 31. In the above-
dcscribcd ninth embodiment of the present invention, an air ..
temperature sensor for detechng Ihe temperature of condi-
tioned air is not provided. However, in the tenth embodiment
of Ihe present invention, the air temperature sensor is adrfed,
the air outlet mode switching more suitable to the thermal
feeling nf the passenger can be performed by directly RI

dctccting thc tcmpcraturc of conditioned air.
In FIG. 23, thc air tempcraturc sensor is disposed bctsvccn

a mixing portion where hol mr having passed through Ihe
healer core 127 anil cool air having passed through Ihe
bypass passage 130 are mixed, anrf a branch poruon ss
branched to the air outlets 111 — 113, tn detect the temperature
'I'a of conditioned air

In Lhe above-descmbed ninth embodiment, Lhe tempera-
ture of. conditioned air is estimated using Lhe water tempera-
ture Tw at step S393 shown in FIG. 25, and thc sivitching
time from the foot niode to thc lii-lcvcl morlc is dctcrmincd.
In the tenth embodiment, hoivever, since the temperature Ta
of conditioned air is directly detected by the air temperature
sensor, this switching lime can be determinerf by using Lhe

detected air temperature Ta at step S393A shown in FIG. 31
instead of step S393.

Thcrcforc, it can be accurately dctnmincrl whether low-
temperature conditioned air is bloivn at the initial time in the
wamiing-up control operation, so that the air outlet mode
can be accurately switched Lo the fool mode when it is
determined thai low-temperature conrfitioned air is blown in
the svarming-up control operation. Accordingly, it can fur-
ther surely prcvcnt the losv-tcmperaturc conditioned air from
heing blown from the face air outlet H2 and generating
uncomfortable feeling In the tenth embodiment, the other
parLs are similar to Ihose of the above-described ninth
embodiment.

(Elcvcnth Embodiment)
The eleventh emboihment of the present invention will be

now descnbed with reference Lo HGS. 32 and 33. In Lhe

eleventh embodiment, as shoivn in I'l(L 32, portions iden-
tical to those in the ninth embodiment are indicated by the
same nmnerical references, respectively Hereinafter,
description svill be made mainly only on portions dificrcnt
from those in thc ninth cnibodinicnt

In Lhe eleventh embodiment of the present invention, a
cool air bypass passage 160, through which cool air bavin ~

passed through the evaporator 104 is directly introduced
toward the face air outlet 112, is provided. I'urther, a wool air
bypass damper 161, for adjusting an amount of cool air
passing throu h thc cool air bypass passage 160, is provided.
An open dcgrce of thc cool air liypass damper 161 is
controlled by a servomotor 16Z.

A face mr temperature sensor 164, for detecung tempera-
ture of eur blown from Ihe face air outlets 112, is disposed
in an entrance passage portion 163 of the plural face air
outlets HZ (e g., five face air outlets 112 in Irl(i. 32)
Further, an inside air tcmpcrature sensor 165 for dctccting
inside air tcmperaturc Tr is provided. Detection signals from
these sensors 164, 165 are also inpuued to Lhe ECU 1 f36, and
they are used for controlling the servomotor 162.

In Ihe eleventh embodiment of the present invention, two
air mixing dampers 128 are operatively hnked so as to adjust
the air temperature 'I'he face air outlets HZ and the defroster
air outlet 111 arc altematcly opened and closed by onc face
damper 115.

In Lhe eleventh embodiment of the present invention, Lhe

air amount ilowmg through Ihe cool air bypass passage 6(l
is adtusted by controlling Lhe open degree of the cool air
bypass damper 161 in the bi-level mode, so that the tem-
perature of air blowing toward the face area can be con-
trolled indcpcnrlcntly from the tcmpcrature of air blowing
tosvard the foot arcs. Accordingly, thc tcmpcrature of air
blown toward Lhe upper side anil the temperature of air
blown toward the lower side can be controlled inrfepen-
denlly Irom each other in the bi-level mode.

In the floiv diagram of air-conditioning control in the
eleventh embodiment, as shown in I IG. 33, steps
S310—S640 arc identical to those in the ninth cmborhmcnt,
rcspectivcly. At step S345, a target face air tcmpcraturc Tav
blown toward Ihe upper side of Ihe passenger compartment
is obtained using a formula (Tav=Tset—cx). Here, Tact imh-
cales a set temperature of Ihe temperature selung switch 137,
and a indicates temperature correction value. I or example,
the temperature correction value o is obtained as follows
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First, a tleviation between Ihe set temperature Tact and Ihe.

inside air temperature Tr of. Ihe passenger compartment
(Tact-Tr) is obtained, and a solar radiation coefficient GW,
which increases as thr deviation is changed to a minus side,
is obtamed. Solar radiation correction intensity 'I''s
obtained by multiplying the solar radiation coefficient GW
by solar rathation intenmty Ts. Then, Ihe Iemperauire cor-
rection value xx oh(a&neil using a control map having a
relationship bctwccn thc solar radiation correction intensity
Ts'nd thc tempcraturc correction vaiue o. In this control io
map, the temperature correction value rx increases as the
solar radiation correction intensity I''ncreases
Accordingly, as the solar radiation correcuon intenmty Ts'ncreases,the face air temperature Tav is riecreased.

Steps S350, S360 in thr eleventh embodiment are iden-
tical to those in the ninth eml&odimrnt, respectively. At step
5365, a target dnving time (target energizing time) TAB of
the driving servomotor 162 of the cool air bypass damper
161 is calculated. In the eleventh emboriiment, further, Ihe
open degree of the cool air bypass riamper 161 is arltusted by
adjusting thc driving time of thr driving servomotor 162. &o

Specilically, the target ilnving time TAB is calculated as
follows, for example. First, a deviation Enf (i.e., Tf.—Tav)
between an actual face air temperature Tf detected by the
face air temperature sensor 164 and a target face air tem-
perature Tav calculated at step S345 is obtained. I'hen, a zs
deviation control value EnB is calcuiatcd based on this
deviation Enf and a correction value dur to a tar et open
degree Uo calculated at step S360.

Next, operational processing is performed proportionally
to the deviation control value EnB by a predetermined
operational cycle time (e.g, four seconds), thereby calcu-
lating the target driving time TAB

When thc tar ct driving time TAB is larger than zero
(TAB&0), thc cool air bypass damper 161 is driven by thr
driving servomotor 162 so as Io increase its open de ree. is
When the target driving lime TAB is smaller Ihan zero
(TAB&0), the cool air bypass damper 161 is driven by the
drivmg servomotor 162 so as to decrease its open degree
When the target driving time 'IAII is equal to zero ('I'AI3=0),
thc open dc rcc of the cool air bypass damper 161 is xo

maintained by dh-energizing thc driving servomotor 162. In
the eleventh embothment, Ihe other parts are mmdar to those.
of the above-descnbed mnth embodiment.

(Other Embodiments)
In the above-described first to eighth embodiments of the JS

present invention, the surface temperature only in the
clothes portion of thr passenger M is dctectcd by the surface
tcmpcraturc sensor 31, so that thc thermal-feeling cstiniation
value Ss is calculated. However, the surface temperature on
the clothes portion of the passenger M and ihe surface so

temperature on a face alon thereof. can be detected by Ihe
surface temperature sensor 31 to calculate the thermal-
feeling estimation value Ss.

Since tcmpcraturc change is an&aller on thc face portion
than that on thc clothes portion, the them&el-fcclin estima- ..
tion value Ss is more stable than in Ihe case where Ihe.

thermal-feeling eshmation value Ss is calculateri umng Ihe.

surface temperature only on Ihe clothes pornon, thereby
stabihzing air-conditioning control Accordingly, even ivhen
the face portion is displaced outside the temperature detec-
tion range of thc surface temperature sensor 31, the themial
fccling of thc passen rr M can be morc accurately cstimatcd
than in a conventional case where Ihe thermal feeling is
estimated baseri on only the surface temperature on Ihe lace
sion. 65

I'urther, temperature ot'he hand skin of the passenger M
can be also detected, and the thermal-feeling estimation

value Ss can be calculated using Ihe surface temperature on
Ihe clothes porhon and the surface temperature on the hand
skin.

In thc above-described first to eighth cmborlimcnts of thc
present invention, the thermal feelin target value St is
calculated in consideration of the set temperature Tset, the
outside air temperature Tam and the solar radiation intensity
Ts. However, vehicle speed inform anon can be I urther added
as the vehicle environmental information relative to thc
themial feeling of the passcngcr M, anti thc thermal fccling
target value St can be calculated in consideration of the
vehicle speed together xvith them Specifically, the thermal
feehng target value St can be set cooler at a lower vehmle
speexl than at a higher vehicle speeil, so that the thermal
fcelin St can be calculated so as to morc suitably coincide
xvith thc thermal fccling of thc passcngcr M.

In the above first to ei hth embodiments of the present
invention, the control mefticient K in the formulas (3),
(7)—(9), fiir calculating Ihe target air temperature TAO, can
be changed as time passes after air-conilitioning operanon is
started. Specifically, the control cocfhcicnt K is sct larger for
a predetermined nme Irom a starting time of air-
conilitiomng operauon Ihan after the predetermined time
passes from the starting time I'hus, the air-conditioning
control can be made sensitive at the initial time of the
starting of air-conditioning operation, thereby improving
inimcdiatc control feeling of air-conditioning operation
When air tcmpcraturc in thc passcngcr compartment
becomes stable after the predetermined hme passes from the
starting time, Ihe air-conditioning control can be made
insensitive, thereby preventing control fluctuation

In the above-described first to eighth embodiments of the
present invention, the control coetyicient K in the formulas
(3), (7)E9) can bc changed in accordance with a change of
thc thermal-feeling estimation value Ss pcr unit time or a
chan e of Ihe clothes surface temperature Tir per unit hme.
Specilically, Ihe control rxiefficient K is set larger when the
chan e value is equal to or larger than a predetermined value
than when the change value is lower than the predetermined
value (ienerally, because the above change value becomes
larger at thc initial time of thc starting of air-conditioning
operation, thc air-conditioning operation can bc cffcctivcly
conirolled.

In Ihe above-descwbed Iirst to eighth embodiments of the
present invention, the control coefiicient K in the formulas
(3), (7H9) can be changed in accordance with a rhfi'erence
bet&veen the thermal feeling target value St and the thermal-
fcclin estimation value Ss. Specifically, thc control cocffi-
cicnt K is sct larger when thc xliffercncc (absolute value) is
equal Io or lar er than a preiletermineil value, as compared
with a case where the dilTerence is lower than the predeter-
mined value. Generally, since the above difference becomes
larger at the initial time of the starting of air-conditioning
operation, the air-honditionin operation can be efi'ectively
controlled.

In thc above-rlcscribcd first to ei hth cmbodimcnts of thc
present invention, the control coefiicient K in the formulas
(3), (7)—(9) can be changed in accordance with a dilTerence
between the set temperature Tact anil Ihe inside temperature
Specifically, the mntrol coefiicient K is set larger when the
difference (absolute value) is equal to or lar er than a
predctcrminerl value, than when thc diffcrencc is lower than
thc prcdctermincd value. Generally, because thc above dif-
ference becomes lar er at Ihe imtial lime oi. Ihe starting of
air-conditiomng operanon, the air-comlihoning operauon
can be elTectively controlled.

In the above-described first to eighth embodiments of the
present invention, when the thermal-feeling estimation value
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Ss calculated using the formula is larger, the calculated value.
can be restricterl to be fewer than a predetermined value In
the brat emliorliment of the present invention, ivhen the
thermal-feehng estimation value is +5, the themial feeling is
cstimatctl to bc very hot. When thc thermal-feeling estima-
tion value is —5, thc thermal feeling is estimated tn br very
colri. However, the predetermined value can be set at 5, anrf
an absolute value of the calculalerf thermal-feeling estima-
tion value Ss can be set at five when the absnlute value of
the calculated thermal-feeling estimation value Ss is larger
than five. further, the thermal feeling target value St can be
also rcstrictcd below a prcdctermincd value in thc same
manner.

Accordingly, an abnormal value of the thermal-feeling
estimation value Ss aml Ihe thermal feeling target value Sl
can be efimmated, thereby preventing abnnrmal control
(extremely confing, and extremely heating).

I'urther, a maximum value ot'he thermal-feeling estima-
tion value Ss is restricted below a first predetermined value
while a maximum value of the thcrmai feeling target value "o

St is restnclerf below a seconrf predetermined vahie, aml Ihe
seconti predetermined value is set larger than Ihe lirst
predetermined value Thus, cooling perfnrmance and heat-
ing performance can be set larger at a transition time, and the
air-conditioning operatinn can lie efFectively cnntrolled as

Further, a minimum value of thc thermal-fceiing estima-
tion value Ss can br restricted tn bc lnwcr than a fnurth
predetermined value while a minimum value of ihe Ihermal
feehng target value Sl can be restricled lo be larger than a
third predetermined value, and the fourth predetermined .io

value can be set larger than the third predetermined value
The snfar rarliation sensnr 37 can be eliminated in the

above-dcscribctl first embodiment of thc present inventinn.
In this case, thc TAO calculation nf fomiula (3) is changed
to a formula of (TAO=Kx(St —Ss)—KamxTam+C), aml the Ss is
calculation of formula (2) is changed to a formula of.

(SI=Sset+Sam)
Alternatively, the outside air temperature sensor 38 can be

ehminated in the above-described first embodiment nf the
present invention. In this case, the TAO calculation formula ao

(3) is changed to a formula of (TAO = Kx(St—Ss)— KsxTs+C),
anti the Ss calculation formula (2) is changed lo a formula
of (St=Ssel+Ssun).

In the above-rfescribed lirsl embodiment of the present
invention, the target air temperature TAO is calculated based Ls

on the difFerence between the thermal feeling target value St
anil thc thermal-feeling estimatinn value Ss and thc like.
Howcvcr, thc thermal frclin target value St in thr TAO
calculation formula descnberf in the lirsl embodiment can be
is eltminatni. In Ibis case, the air-i:onditioning operanon is so

controlled, so thai the thermal-feeling estimanon value Ss
becomes zero, that is, the thermal feeling of the passenger M
becomes non-feeling

In thc above-tlcscribcd first to the ei hth embodiments of
thc prcscnt invention, thc infrared sensor using a thrrmopile ..
detector is used as Ihe surface temperature sensor 31.
However, an infrared sensor utung a bolometer detector
constructed by a reswlor having a large temperature coeih-
cient or an another type infrared sensor can be used as the
surface temperature sensor 31 I'urther, an another type nt
surface sensor, which can detect thc surface tcnipcraturc of
a tcmpcraturc-tlctectcd body in a non-contact state, can br
useii as the surface temperature sensor 31 without being
hmited to Ihe infrared sensor.

In Ihe above-descnbeii ninth lo eleventh embodiments of. ss
the present invention, the bi-level mode is set as the first
mode where air is blown toward at least the upper body side

of. Lhe passenger, in Ihe warming-up control operauon
lioivever, an all outlets open mode (multi-blowing mode),
ivhere all the air outlets of the face air outlet 112, the foot air
outlet 113 and the defroster air outlet 111 are npened at the
sante time, can bc sct as the first mode. Accorrlingly, thc
ivindshicld can bc dcfrostcd while the foot portion of thc
passenger and the upper half. body side such as hanils of lhe
passenger can be immeiliately healeil in the warming-up
control operation.

While present invention has lieen shown and described
with reference to the foregoing preferred embndiments, it
will bc apparent to those skilled in thc art that changes in
form anil detail may bc made therein without departing from
Ihe scope of: the invention as defined in the appeniled claims

W'hal ts claimed is.
l. An air conditioner for a vehicle having a passenger

compartment, comprising
a surface tcmpcraturc sensor for detecting a surface

Lemperalure on a clothes portion of. a passenger ami for
outputting a clothes temperature signal;

estimation-value calculating means for calculating an
estimation value of thermal feeling for a passen er in
thc passen er compartment, iiascrl on thc clothes tcm-
pcraturc signai; and

a conlrol unit for performing air-conditioning ntntrol in
Ihe passenger compartment, baseil on the esnmanon
value of. the thermal feeling; wherein

the surface temperature sensor is disposed tn detect only
the surface temperature of the clothes portion of an

upper half body of the passenger.
2. Thc air conditioner according to claim 1, wherein thc

control unit performs the air-conditioning control in thc
passenger compartment, in accorilance with a dilference
between the estimation valve, aml a target value of lhe
thermal feeling that is an estimation value of target thermal
feeling comfortable for the passenger, in such a manner that
the estimation value of the thermal feeling coincides with
the tar ct value of thc thermal feeling.

3. The air contlitioner accordin to claim 2, whcrcin thc
thermal feehng larger value is calculated using vehmle
environmental information relative lo the thermal leafing of
the passenger and thermal feeling information determined
by preference of the passen er.

4. 'I'he air conditioner according to claim 3, ivherein the
vehicle cnvironmcntal information is at feast onc of a solar
ratliation intensity, an outside air tcmpnaturc, a rclativc
humidity and a vehicle speed.

5. The air comhuoner according to claim 2, wherein lhe
Ihermal leelmg target vahie is changed in accordance with
the clothes amount of the passen er

6. 'I'he air conditioner according to claim 2, wherein a
maximum value of the cstiniation value of thc thermal
fcelin and a niaximum value of thc tar ct value of thc
thermal feehn ~ are respectively reslricted to be equal lo or
lower than a predetermined value.

7. The mr comhnoner accorihng lo claim 6, wherein
the maximum value of the estimation value of the thermal

feeling is restricted beloiv a hrst predeterminerl value
while thc niaximum value of thc target value of thc
themial fccling is rcstrictctl below a second prcdetcr-
mined value, and thc second prcrlctnmincrl value is sct
larger Ihan the first predetermineti value; and

a minimum value of lhe target value of the thermal feeling
is restncled above a third pretielermineti value whde a
minimum value of the estimation value of the thermal
feeling is restricted above a fourth predetermmed, and
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the fourth predetermined value is set larger than Ihe.

third predetermined value.
8. The air cnnditioner accnrding to claim 1, wherein the

surface temperature sensor is disposed to detect the surface
tcmpcraturc of thc clothes portion of an upper half body of
thc passenger.

9. The air conrlilioner according to claim 9, wherein Ihe
esnmation-value calculating means calculates ihe estimation
value of the thermal feeling liy using the clothes temperature
signal and vehicle envirnnmental informatinn relative to the io
thermal feeling nf the passenger

lb. Thc air conrlitioncr according to claim 9, wherein the
vchiclc cnvironmcntal information is a solar radiation intcn-
sili'1

The air conrhlioner according to chiim 1, iurlher
comprising:

target temperature calculating means for calculating a
target air tcmpcraturc to bc blown into the passenger
compartment, by using Ihe following formula.

tao=i (5'i —.) )+cl

whcrcin,
TAO imlicatcs thc tar et air temperature;
K inriicates a control coellicient; as
Sl indicates a target value of. thermal feeling corn(or(able

for the passenger,
Ss indicates Ihe estimation value of Ihe thermal feeling;

and

C indicates a constant ii)

12 The air conditioner accnrding to claim 11, ivherein the
control cocflicicnt K is changeable.

13. Thc air conditioner according to claim 1, further
composing:

targe( temperature calculating means for calculating a
target air temperature to be blov:n into Ihe passenger
compartment, liy using the following fnrmula

T(0=8 i5i-Sii-Kixl(ii-Sahii+C,

wherein,
TAO indicates the target air temperature;
K indicates a control cnefficient;
Kt indicates a cnefficient of an integral tern);

65
St indicates a target value ot'he thermal feeling comfort-

able for thc passenger;
Ss indicates thc estimation value of thc thermal feeling;

anti
('nrhcatcs a constant. 50
14. The air conditioner according to clmm 13, wherein Ihe.

control coefffcient K is changeable.
15. The air conditioner accnrding to claim 1, further

comprising:
target temperature calculating means for calculating a

tar ct air tempcraturc to be blown into thc passcngcr
compartment, by using thc following formula:

TIO=T'Si— 5)i-Kwl(5r—,5))rir—T' i(sr-5 )Ur+C,

wherein,
TAO indicates the target air temperature;
K indicates a control coefficient;
Kt mdicates a coefficient of an integral term;
Krl inrhcatcs a cocflicicnt of a diffcrential term; 65

St indicates a target value ot'he thermal feeling comfort-
able for the passenger;

Ss indicates the esumahon value of the thermal feeling,
and

C indicates a constant.
16 '1'he air conditioner according to claim 15, wherein the

control coefficien K is changeable.
17. The air conditioner according to claim 1, further

composing
a mode switching unit ffir switching one of a iirsl mode

where air is blown toward al least an upper side of lhe
passenger, and a second mode ivhere air is blown
toward at least a loiver side of the passenger while a
flow of air blown toward the upper side is interrupted,
based on thc surface teniperaturc rlctectcd by thc sur-
face tempcraturc sensor.

18. An air condihoner ffir 5 vehicle having 5 passenger
comparimenl, composing.

a surface temperature sensor for delecnng a suriace
temperature on a clothes portion of a passen er and for
outputting a clothes temperature signal;

estimation-value calculating means for calculating an
cstiniation value of thernial fcelin for a passcngcr in
the passen cr compartment, based on thc clothes tem-
perature signal; and

a control unit for performing air-conrliuoning control in
Ihe passenger compartment, based on the estimauon
value of the thermal feeling; wherein

the estimation-value calculating means calculates the esti-
mation value of the thermal feeling by using the clothes
tcmpcraturc signal and vehicle cnvironmcntal informa-
tion rclativc to the thermal feeling of thc passenger;

thc vehicle cnvironmcntal information is a solar rarhation
intensily, and

the estimation vahie of. the thermal feeling is calculated
usmg the following formula:

5)=C Io (Tii-T)+Ci.

wherein,
Ss inilicales Ihe esumalion value of lhe thermal ieeling,
Cclo indicates a imefftctent correspomhng to 5 clothes

amount of the passen er;
Tir indicates the surface temperature detected by the

surface temperature sensor;
T indicates thc surface tcmpcrature of the clothes portion

in a stanrlard condition; and

Cs indicates a value rlctcrmincrl by thc solar rarhation
intensily.

19. The air comhhoner accorrling lo claim 18, further
composing.

a clothes-amount setting unit through which the passenger
inputs clothes-amount information,

wherein the coefficient ('clo is determined based on the
clothes-amount inforniation inputterl by thc passen cr
usin thc clothes-amount setting unit

ZU. The air comhtioner according lo claim 18, further
composing.

an outside air lemperature sense)r for detecting an outside
air temperature,

wherein lhe coelhcienl Cclo is determined based on the
ouiside air lemperature.

21 'I'he air conditioner according to claim 18, further
comprising

thermabcapactty estimating means for estimatin ~ thermal
capacity of the clothes portion using a change rate of
the surface temperature on the clothes portion,



wherein the coelhcient Colo is determined based on Ihe.

clothes amount estimated using the thermal capacity
22. An air conditioner for a vehicle having a passenger

compartment, comprising
a surface tcmpcrature sensor for detecting a surface

tcmpcrature on a clothes portion of a passenger and for
oulpulling a clothes temperature signal;

estimation-value calculating means for calculating an
eslimanon value oi. thermal feeling for a passenger in
the passenger compartment, based on the clothes tem-
perature signal; and

a control unit for performing air-conditioning control in
the passenger compartment, in accordance with a dif-
ference betvveen the estimated valve of the thermal
fccling, anil a target value of the thermal fceiing that is 'S

an estimation value of target thermal fcciing comfort-
able for thc passenger, in such a manner that thr
estimation value of Ihe thermal feeling coincides v:iih
the target value of Ihe thermal feeling,

owhcrcin thc surface temperature sensor is disposed to
detect only Ihe surface temperature of. Lhe clothes
poruon of an upper half bociy of Ihe passenger.

23. The air conditioner according to claim 22, wherein the
estimation-value calculating means calculates the estimation

asvalue of thc thermal fi:clin by using thc clothes temperature
signal and vchiclc cnvironmcntal information reiativc to thr
thermal fccling of thc passenger.

24. The air conihlioner according to claim 22, wherein Ihe
thermal feeling target value is calculated using vehicle

I)
environmental information relative to the themial feeling of '

the passenger and thermal feeling information determined
by prcfi:rcncc of thc passenger.

25. An air conditioner for a vehicle havin a passenger
compartment, comprisin;

a surface tcmpcrature sensor for detecting a surface
tcmpcrature on a clothes portion of a passenger and for
oulpulling a clothes temperature signal;

estimation-value calcuiating means for calculating an
estimation value of thermal feeling for a passenger in so
the passenger compartment, based on Ihe clothes tem-
perature signal, and

a control unit for performing air-conditioning control in
the passenger compartment, in accordance v:iih a ciiT.-

i'erence between Ihe estimated valve of. the thermal
feeling, and a target value of the thermal feeling that is
an estimation value of target thermal feeling comfort-
able for the passenger, in such a manner that the
estimation value of the thermal feeling coincides with
thc target value of the thermal fcciing; wherein
the thermal feeling target value is calculated using

vehicle environmental information relanve io Ihe.

thermal feeling of the passenger and thermal feeling
information determined by preference of the passen-
ger; and

thc vchiclc environmental information is at icast onc of
a solar radiation intensity, an outside air temperature,
a relative humidity and a vehicle speed.

26. An air conditioner for a vehicle having a passenger
compartment, comprising io

a surface temperature sensor for detecnng a surface.
temperature on a clothes portion of a passenger and for
outputting a clothes temperature signal;

estimation-value calculating means for calculating an
eslimanon value oi. thermal feeling for a passenger in ss
the passenger compartment, based on the clothes tem-
perature signal; and

a conlrol unit for performing air-conditioning o)ntrol in
the passenger compartment, in accordance with a dif-
ference betiveen the estimated valve of the thermal
feeling, and a target value of the thermal feeling that is
an estimation value of tar ct thermal fcelin comfort-
able for thc passcngcr, in such a manner that thc
esumation value of the thermal ieeling coincides with
Ihe target value of the thermal feeling;

wherein the thermal feeling target value is changed in
accordance with thc clothes amount of thc passcngcr.

27. An air conclitioncr for a vchiclc having a passen cr
comparlmeni, compmsing

a surface temperature sensor for detectin a surface
temperature on a clothes portion of a passen er and for
outputting a clothes tcmperaturc signal;

esUmaUon-vahie calculating means for calculating an
esumauon value of. thermal feeling for a passenger in
Ihe passenger compartment, based on the clothes tem-
perature signal;

a control unit for pcrfomiing air-conditioning control in
thc passcngcr compartment, in accorclancc with a dif-
ference between Ihe esumauon valve of the thermal
feeling, aml a target value of the thermal feehng that is
an estimation value of target thermal feeling comfort-
able for the passenger, in such a manner that the
cstiniation value of thc thermal fccling coincides with
the tar ct value of thc thermal; and

largeL Lemperalure calculating means for calculating a
target air temperature to be blown into the passenger
compartment, by using the following formula

IUO=IC (Si-i))+C,

ivherein,

TAO indicates the target air tcmperaturc,
K indicates a control coeilicient,
St indicates a tar ct value of thc thermal fccling comfort-

able for the passen cr;

Ss indicates the esumauon value of the thermal feeling,
and

C inclicatcs a constant.
28. An air conditioner for a vchiclc having a passenger

comparimenl, compmsing.
a surface temperature sensor for detecting a surface

temperature on a clothes portion of a passenger and for
outputting a clothes temperature si nal;

estimation-value calculanng means lor calculaung an
eslimalion value ol. thermal feehng for a passenger in
Ihe passenger compartment, baseil on the clothes tem-
perature signal;

a control unit for performing air-conditionin control in
the passcngcr compartment, in accordance with a dif-
ference between Lhe estimation valve of the thermal
feeling, aml a target vahie of the thermal feeling that is
an estimation value of target thermal feeling comfort-
able for the passen er, in such a manner that the
estimation value of thc thermal fi:cling coinciclcs with
thc tar et value of thc thermal; and

iargel temperature calculanng means lor calculanng a
target air temperature to be blown into the passenger
compartment, by using the following formula

Tao=a (si-41-rci FI )I-s)td)+c.

wherein,
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TAO imlicates the target air temperature,
K indicates a control coelhcient;
Kt mdicates a coeflicient of an integral term;
St indicates a target value of the thermal feeling comfort-

able fnr the passenger;
Ss indicates the estimation value of the thermal feeling;

and
C indicates a constant.
29. An air conthtioner for a vehicle having a passcngcr „,

compartment, comprising.
a suriace temperature sensor for rietecting a suriace

temperature on a clothes poruon of. a passenger and for
nutputting a clnthes temperature signal;

estimation-value calculating means for calculating an
estimation value ot'hermal feeling for a passenger in
thc passcngcr compartment, based on the clothes tens-
pcraturc signal;

a control unit for performing air-conditioning control in
the passenger compartment, in accordance with a dif-
ference between lhe eslimanon valve of ihe Ihermal
feeling, and a target value of the thermal feeling that is
an estimation value nf target thermal feeling comfort-
able for thc passenger, in such a manner that thc
estimation value of thc thermal fcclin coincides with"'he

target value of Ihe thermal; anti

targe( temperature calculating means for calculanng a
target air temperature to be blown into the passenger
compartment, by using the following formula

I)

mo=l&(sr-aa&xi i(ar-a)) li-Ed d(5)-.s))(disc.

wherein,
TAO indicates the target air temperature;
K indicates a control coeflicient; 35

Kt mdicates a coeflicient of an integral term;
Kd indicates a coeflicient nf a differential tern);
Sl imhcates a target value of the thermal feeling comfort-

able for the passenger;
Ss inriicates Ihe estimation value of. Ihe thermal facing; do

and
C inihcales a constant.
3U. An air conditioner for a vehicle having a passenger

compartment, comprising
da

a surface temperature sensor for detecnng a surface.
temperature on a clothes portion of a passenger and for
outputting a clothes temperature signal;

estimation-value calculating means for calculating an
eslimanon value oi. Ihermal feeling for a passenger in
the passenger compartment, based on the clothes tem-
perature signal; and

a cnntrni unit fnr performing air-cnnditioning control in
the passenger compartment, in accordance with a dif-
ference betsveen the estimated valve of the thermal
fccling, anil a target value of the thermal fceiing that is
an estimation value of target thermal fcciing comfort-
able ior Ihe passenger, in such a manner that Ihe
estimation value of Ihe thermal feeling coincides v:iih
the target value of the thermal feeling;

wherein a maximum value of the estimation value of. Ihe.

thermal feeling and a maximum value of. Ihe large(
value nf the thermal feeling are respectively restricted
to be etiuai to or lower.

31. Thc air conditioner according to claim 30, wherein: ss
the maximum value of the estimation value of the thermal

feeling is restricted below a first predetermined value

while Ihe maximum value of the target value of the
thermal feeling ts reslncteil below a seconil predeter-
mined value, and thc scconrl predetcrmincd value is sct
larger than thc first prcdetcrmined value; anil

a minimum value of the target value of Ihe thermal ieeling
is restmcled above a third pretielermineti value whde a
minimum value of thc estimation value of thc thermal
fcelin is rcstrictctl above a fourth prcdetcrmined, anil
the fourth predetermined value is set larger than the
third predetermined value

32. An air conditioner for a vehicle having a passenger
comparimenl, composing.

a surface temperature sensor for detecting a surface
temperature of a passenger in the passenger compart-
meni, and

a mode switching unit being capab(e of automatically
switching one of a first mode where air is blown at least
toward an upper side of. Ihe passenger, anti a second
mode where air is blown at least towaril a lower side of
the passenger while a tloiv of air blmvn toward the
upper side of the passenger is interrupted, wherein
the mode switching unit switches between thc first

mode and the second niode based on thc surface
temperature of the passenger detecleil by the suridce
lemperdlui'e st:riser,

when Ihe surface temperature of Ihe passenger is lower
than a first predetermined temperature in a ivarming-
up control operation ivhere temperature of air blown
into thc passcngcr compartment is incrcasctl after
heating in thc passenger compartment is started, thc
lira( mode is selected by the mode switching unit,
and

when the surface temperature of. the passenger is higher
tliati the first predetermined temperature in the
ivarming-up control operation, the second mode is
selcctcd by thc motlc switching unit.

33. Thc air conditioner according to claim 32, ivhcrcin:
ivhen temperature, relative to the temperature of air blown

into thc passcngcr conipartmcnt, is lower than a second
predctcrminetl tcmpcrature in thc warming-up control
operation, the seconil mode is selected, anti

when thc tcmperaturc, rclativc to thc tempcraturc of air
blown into thc passenger compartment, is higher than
Ihe second predetermined temperature in the warming-
up conlrol operanon, one of the lira( mode and lhe
second mode is automatically switched based on the
surface temperature of the passenger

34 '1'he air conditioner according to claim 33, further
comprising:

a heating heat exchanger for heating air using a hot water
as a heating source,

ivherein the temperature, relative to the temperature of air
bloivn into the passenger compartment, is temperature
of hot ivater.

35. Thc air contlitioner according to claim 32, whcrcin thc
lira( mode is a bi-level mode where air is blown into the
passenger compartment from both of a face air outlet, from
which air is blown toward Ihe upper side of the passenger,
and a foot air outlet from which air is bloivn toivard the
lower side of the passenger in the passenger compartment

36. The air conditioner accorrling to claim 32, wherein thc
second motlc is a foot niode where air is blown into thc
passenger compartmeni ai leasi from a fool air ouflet toward
Ihe lower side of lhe passenger.

37. The air comhuoner according lo claim 32, wherein lhe
surface temperature sensor is an infrared sensor fnr detecting
the surface temperature of the upper side of the passenger
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38. An air conchuoner for a vehicle having a passenger
compartment, comprising

a surface temperature sensor for detecting a surface
temperature of a passenger in the passenger cnmpart-
mcnt; and

a mode switchin unit being capabic of automatically
switching onc of a first mode where air is bloivn at least
towarcf an upper sale of. the passenger, ancf a second
mode where air is blown al least toward a lower code of.

the passenger while a floiv of air bfnivn toward the
upper side of the passenger is interrupted, ivherein
the mode switching unit sivitches between the first

mode ancl thc second mode based on the surt'ace
tcmpcraturc of thc passenger dctcctcd l&y thc surt'ace
temperature sensor; ancf

the lirsl mode is a multi-blowing mode where air is
blown into the passenger compartment from a face
air outlet toward the upper side of the passenger, is
blown frnm a font air outlet tnward the fnwer side of
thc passcngcr, and is blown from a defroster air
outlet toward an inner surface of a windshield of thr
vehicle, al the same time.

39. An air conditioner for a vehicle having a passenger
compartment, comprising.

a lirst mode switching unit for switching one of a plurahly
of mocles in accorclance with an air-comhtioning
condition, the plurality ot'odes at least including a
first mnde where air is blown at least toward an upper
side of a passenger in the passenger compartment, and
a second mode whcrc air is blown at least toward a
lower siclc of thr passenger while a flow of air blown
towarcf the upper side of Ihe passenger is interrupted,

a surface temperature sensor for detecting a surt'ace
tcmpcraturc of thc passcngcr in thc passenger compart-
ment; and

a second moclc switching unit for switchin onc of thr first
mode and the second mode in accorcfance with the
surface temperature of the passenger detected by Ihe
surface temperature sensor, wherein.
the first mode switching unit sivitches one of the

plurality of modes in an air-conditioning statinnary
operation; and

thc second mode switching unit sivitchcs one of the first
mode ancf the secoml mode in a warming-up control
operation where temperature of. air is increased after
heating in a passenger compartmenl is slarled.

40. I'he air conditioner according to claim 39, wherein
when temperature, relative lo the temperature of mr blown

into Ihe passenger compartment, is lower than a pre-
determined temperature in the warming-up control
nperation, the second mode is selected; and

when the temperature, relative to the temperature of air
bloivn into the passenger cnmpartment, is higher than
the predetermined temperature in the ivarming-up con-
trol operation, onc of thr first mode and thr second
mode is automatically switched based on the surface
temperature of. Ihe passenger.

41. The air conditioner accorcfing lo claim 39, further
compnsing:

a heating heal exchanger lor heating air using a hot water
as a heanng source,

wherein the temperature, relative to Ihe temperature of. air
blown into Ihe passenger compartment, is temperature
of hot water.

42 The air conditioner according to claim 39, ivherein the
first mode is a bi-level mode where air is blown intn the

as

passenger compartment from both of a face air outlet, from
ivhich air is bloivn toivard the upper side of the passen er,
and a foot air outlet from which air is bloivn toivard the
lower side of the passenger in the passenger compartment

43. The air conditioner accorcling to claim 39, wherein thc
first mode is a multi-blowing mode whcrc air is blown into
Ihe passenger compartment from a face air outlet toward lhe
upper side of the passenger, is blown from a foot air outlet
toward the loiver side of the passenger, and is blown from a

io defroster air outlet toward an inner surface of a windshield
of the vehicle, at the same time.

44. Thc air conclitioner according to claim 39, whcrcin thc
second mode is a foot mode whcrc air is blown into the
passenger compartment al least from a fool air ouflel toward
Ihe lower side of. the passenger.

45 'l'he air conditioner according to claim 39, wherein the
surface temperature sensor is an infrared sensor for cletecting
the surface temperature of the upper side of the passenger

46. An air conclitioncr for a vchiclc having a passen cr
oo compartment, comprising;

calculation means for calculating a target air tcmperaturc
lo be blown into the passenger compartment;

a lirsl mode switching unit for switching one of a plurahty
of modes in accordance with Ihe target air temperature,
the plurality of modes at least including a first mode
ivhere air is bloivn at least tmvard an upper side of a
passen cr in thc passcngcr compartment, ancl a second
mode whcrc air is blown at least toward a lower side of
Ihe passenger while a flow of air blown toward the
upper side of the passenger is interrupted,

a surface tempcraturc sensor for detecting a surface
temperature of Ihe passenger in lhe passenger compart-
meni,

a second mode switching unit for switching onc of thc first
mode and the second mode in accorcfance with the
surface temperature of the passenger, detected by the
surface temperature sensor; and

deierminaiion means for determining a warming-up con-
trol operanon in which temperature of air blown into
the passenger compartment is increased after heating in
the passen er compartment is started, wherem:
when the warming-up control operation is determined

by the clctcrmination unit, thc first moclc and the
second mode are switched by the second mode
switchmg unit basecl on the surface temperature of
the passenger, and

when an air-conditioning stationary operation is deter-
mined by the detemiination unit, the plurality of
modes

are switched by the first mode switching unit based on the
target air it temperature

47. The air conclitioncr accorcling to claim 46, wherein,
when the tar et air temperature is higher than a predeter-

mined temperature, the warming-up control operation
is dctemiincd by thc clctcrmination means.

48. Thc air conclitioner accordin to claim 46, further
composing.

a heating heat cxchan cr for heating air usin a hot water
as a heating source,

whcrcin thc tcmperaturc, rclativc to thc tcmpcrature of air
blown into the passen cr compartment, is tcmperaturc
of hol water.

49. The air comhuoner according lo claim 46, wherein lhe
ss lirsl mode is a bi-level mode where air is blown into lhe

passenger compartment from both of a face air outlet, from
which air is bloivn toivard the upper side of the passenger,
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anil a foot air outlet from which air is blown toward the.

lower side of the passenger in the passenger cnmpartment
50. The air cnnditioner according to claim 46, wherein the

first mode is a multi-blnwing mode where air is bloivn into
thc passcngcr compartment from a face air outlet toward thr
upper side of thc passenger, is blown from a foot air outlet
towarrl the lower sale of the passenger, and is blown from a
defroster air outlet toward an inner surface of. a winrlshielrl
of the vehicle, at the same time.

51. The air comhnoner accoriling to claim 46, wherein the
second mode is a font mode where air is blown into the
passenger compartlnent at least trom a foot air outlet toward
the lower side of the passenger.

52. The air conditioner accorrling to claim 46, wherein thc
surt'ace tcmpcrature sensor is an infrared sensor for rlctcctin
the surface temperature of. the upper side of the passenger.


