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An air conditioning (A&C) system and method of controlling
sante is provided for a vchiclc. Thc A&C system includes an

evaporator, a desiccant dryer located downstream of thc
evaporator, and a compressor fluidly conncctcd to thc air
evaporalor. The A/C system also mcludes a plural&&y of
sensors io prov&de inputs relatmg lo lemperature oi. &he

evaporator and relative humidity of an occupant compart-
ment of. &he veh&cle. The A&C system further includes an

elec&rome control unii elecincally connected to the sensors
to receive the inputs therefrom and electncally connected to

the desiccant dryer and the compressor to turn the desiccant
dryer and the compressor On and Off to control the tem-
perature and relative humidity of air to the occupant com-
partment
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VS (.quan,SSn uZ

AIR CONDITIONING SYSTEM AND
METHOD OF CONTROLLING SAME

('.ROSS-RL'I L'RL'N('Li I'0 REI.AIL'D
APPI.ICATION(S)

The present invention claims the prionty date of copeml-
ing U S Provisional Patent Apphcauon Senal No. 60,'179,
236, tiled Jan. 31, 2000.

BACKGROUND OI'HL INVL'N 11ON

1. Fielrl of Ihe Invention
The present inventinn relates generally to air cnnditioning

systems and, morc specifically, to an air conditioning (A/C)
system and method of controliing thc A/C systeni.

2. Descnption of. the Related Art
It is known to prnvide an air conditinning (A/C) system

for a vchiclc. Typically, the A C systeni is used to control
cooling in an interior, cabin, or occupant compartment of the
vchiclc. Thc A C system generally includes a condenser,
compressor, evaporator, anil expansion valve to remove heal
from air anil cool Ihe air to Ihe occupant compartment. The.

A/C system may include a desiccant dryer to remove mois-
ture frnm the air.

It is afso known to provide a mechanism to regenerate
desmcant materials in Ihe desiccant dryer by heaung them
anil boiling og water vapor. An example of desiccant air
conditiomng fnr a motorized vehicle is disclosed in U S Pat
No 6,029,4(i2 to Denniston In this patent, a cnmplicated
array of desiccant wheels and enthalpic wheels are required
to rcgcncratc thc desiccant materials. However, this is dif-
ficult to achicvc from a packaging standpoint in a motor
vehicle. Also, in these systems, Ihe only heat source sufli-
cient to burn og the water vapor is engine exhaust, which is
undesired

An altcrnativc to heating the desiccant materials of thc
desiccant rlrycr is to use vacuum to boil oif thc water vapor.
A motor vehicle has vacuum available for most operating
condittons. However, in a vacuum strategy, an important
factor is the regeneration frequency. In order to boil oil Ihe
water vapor, it is necessary to cycle rapidly betiveen adsorp-
tion and desorption stages 'I'his is necessary because des-
orption is an endothermic process. In a near vacuuni, there
ts no mechanism to provide the heat rcquircd.

As a result, it is necessary lo cycle lhe system according
to the equation

wiw*aa» „:

Otherwise, the water present in the desiccant dryer ivill ice

up and prevent further desorption Therefnre, there is a need
in thc art to provide an air conditioning system and method
of controllin the air conditioning system to cycle thc
desiccant dryer

SUMMARY OF THE INVENTION

Accordin ly, thc present invention is an air conditioning
(ArC) system for a vehicle. The ArC system includes an
evaporator, a ilesiccant dryer localerl downstream of. Ihe.

evaporator, anil a compressor fluidly cnnnected to the evapo-
rator. 'I'he A C system also includes a plurality nf sensors to
provide inputs relating tn temperature of the evaporator and
rclativc humidity of an occupant compartnient of thc
vchiclc. Thc A C system further includes an electronic

control unii electrically ixrnnected lo Ihe sensors to receive
the inputs therefrom and electrically connected to the des-
iccant dryer and the compressor to turn the desiccant dryer
and the compressor On and Otf to control the temperature
anil relative huniidity of air to the occupant compartment.

One advantage of Ihe present invention is that an ArC
system having a desiccant dryer is provided I o control
relative hmnidity of air in an occupant compartment of a
vehicle Another advanta e of the present invention is that

'" thc ArC system also includes a variable displacement com-
pressor Yct another advantage of thc present invention is that
a method ts provided for regeneration of a desiccant dryer of
Ihe ArC system. Slifl another atlvanlage of the present
invention is thai lhe A/C system receives inputs irom a
plurality of sensors such as a humidity sensor, sunload
sensor, temperature sensors, etc. and provides outputs to
cycle thc rlcsiccant dryer On and Off to rcgencratc the
desiccant materials.

Other features aml advantages of the present invenuon
o will be readily appreciated, as the same becomes hetter

understood, after readin the subsequent description taken in
conjunction ivith the accompanying drawings

BRIEF DESCRIPTION OF THE DRAWINGS
zs

FIG. 1 is a diagrammatic view of an air conrliuoning
(AiC) system for a vehicle controlled by a method, accord-
ing to the present invention.

FIG. 2 is a diagrammatic vicvv of sensors of thc ArC
.io system of FIG. I controlled by the method, accorihng to lhe

present invenuon.
11G. 3 is a perspective view of a desiccant dryer, accord-

in to thc prcscnt invention, for thc A'C system of FIG. 1.

FIG. 4 is a perspective view of another embodiment,
according lo the present invention, of a desiccant dryer for
the A ('ystem of I l(i. l.

FIG. 5 is a pcrspcctivc view of yct another cmbodimcnt,
according to thc prcscnt invention, of a rlcsiccant rlryer for
the ArC system of FIG. 1.

I'IG. 6 is a flowchart of a method, according to the present
invention, of controlling the ArC system of I I(l I

I'IG. 7 is a psychometric chart used in conjunction with
the nicthorl anil ArC system of FIG. I

as
DESCRIPTION OF THE PREFERRED

EMBODIMENT(S)

Referring to thc drawings and in particular FIGS. I anil 2,
one embodiment of. an air conthtioning (A,'C) system 10 is

so shown for a vehicle (not shown) such as a motor vehicle. In
general, control of air temperature aml air flow (and, to a
lesser extent, humidity) within the vehicle is accomphshed
using various actuators to effect the temperature and tloiv of
air supplied to an interior, cabin, or occupant compartment
46 of thc vehicle. Thc ArC system 10 inclurlcs an air
handing case or housing 1Z and a vanable speed blower
motor or fan 14 for movmg air through Ihe housing 12. The
ArC system 10 alvoi includes an evaporator 16 disposed in
the housing 12 and spaced from the fan 14 to receive moving
air therethrough from the fan 14 and to cool the air. I'heAr('ystem

10 also includes a desiccant dryer 18 spaced after or
downstream from thc evaporator 16 to rcceivc movin air
Iherelhrough from the evaporator 16. The desiccant dryer 18
removes moisture or water vapor from the air The ArC

as system 10 includes a healer core ZO disposed in the housing
12 and spaced after or doivnstream from the desiccant dryer
18 to heat the air and a door 22 to alloiv or prevent moving



air from the desiccant dryer 18 from pass&ng through the.

heater core 20. It shoulri also be apprec&ated that the des&c-
cant dryer 18 is located after thc evaporator 16 because it is
thc position of highest rclativc humidity in thc A (: system
10 and the absorption rate nf water vapor by standard
desiccant materials (e g., silica gels) is a stronger functinn of
relative humid&ty than any other parameter (temperature or
ambient pressure).

The Ai(: system 10 also includes an expansion valve 22
fluidly connected to the evaporator 16 and a receiver dryer
24 fluidly conncctcd to thc expansion valve 22. Thc A,'C
system 10 includes a condcnscr 26 fluidly connected to the
rece&ver dryer 24 and a compressor 28 fluidly interconnect-
ing the condenser 26 and the evaporator 16. The impresser
28 is preferably a 160 cc variable displacement s&vashplate
compressor. I'he ArC system 10 includes an electronicaily
controlled valve 30 connected to the compressnr 28 to alter
thc capacity of thc compressor 28 liy varying thc prcssure in
thc crankcase of thc compressor 28. The electronically
controlled valve 3U w preferably a pulse w&rith mod&lie&i

(PWM) 0 7 Amp solano&d device that allows ihaoharge
pressure to bleed into the crankcase of the compressor 28 It
should be appreciated that by varying the PWM signal
propert&es increased bleed will cause the crankcase pressure
to incrcasc.

It should also be appreciated that changing the crankcase
prcssure adlusts thc angle of thc swashplatc, thus reducing
thc displaccmcnt of thc compressor 28. It should further bc
apprcciatcd that refrigerant flows through the condenser 26,
compressor 28, evaporator 16, expan&uon valve 22, anti
receiver dryer 24

The A/C system 1U includes an electron&c control uni& 32
electrically connected to the electron&cally con&rollerl valve.
30. The electron&c control un&t 32 &nchiries a m&croprocessor
(not shown) having an analog input section (not sho&vn),
digital input section (not shown), digital output section (not
shown), anil pulse width module (PWM) section (not
shown). Thc clcctronic controi unit 32 is electrically con-
necterl to an ignition switch (not shown), wh&ch is &n &urn,

electncally connected to a power source (not shov:n) such as
a battery of the veh&cle. The electronic con&rol un» 32
receives several inputs such as control setting input 34,
temperature input 36, relative humidity (rh) input 38, and
sun load input 40. It should bc appreciated that the electronic
control unit 32 prcfcrably continuaily monitors thc state of
thc ignition switch and thc state of thc A&C system 10. It
should also be apprec&ate&i that the A/C system 10 fur&her
includes an arrangement of a&r flow doors that may be dr&ven

by vacuum motors (not shown) between their various
vacuum, partial vacuum and nn vacuum pnsitions or by an
clcctric servomotor (not shown) in a conventional manner. It
should further bc appreciated that each of thc above com-
ponents is in communication with the housing 12 and
assoc&ated riucting (not shown) m order &o control
temperature, the direction of air flow and the rauo of. trash
or intake air to recirculated air.

Refernng to FIG. 2, the A/C system 10 includes a plurahty
of sensors R&r mon&tonng the A&C system 10 aml provid&ng
s&gnals to the electronic control unit 32 I'he sensors include
a plurality ot'emperature sensors tn provide the temperature
input 36 and sun load input 40. The tcn&pcraturc sensors
include an ambient temperature sensor 42a, an evaporator
temperature sensor 426, an outlet temperature sensor 42c,
and an occupant or cab&n temperature sensor 42d, which are
representative of amb&ent (outs&rie) a&r tempera&ure, evapo-
rator outlet temperature, discharge air temperature, and
interior (cabin) temperature. The sensors also include a

relet&ve humiihty sensor 44 to prov&de the rh input 38. The
relative hmnidity sensor 44 is located in the occupant
compartment or cabin 46 of the vehicle. 'I'he sensors include
a plurality of door position sensors to provide input to the
electronic control unit 32. Thc rloor position sensors inclurlc
a rear door position sensor 48a and a blend rloor position
sensor 48'. The sensors also include a blower flow rate
sensor 49 to prov&de mput to &he electronic control umt 32.
The sensors are electrically connected to the analog section
of the electronic control unit 32. It should be appreciated that
the sensors provide an analo input to the electronic control
unit 32.

The A/C system 10 includes a plurali&y of bunons (no&

shown) se& manually by the operator of the vehicle to
provide the control setting input 34 &vhich is representative
of po&ver (off), desired temperature (temp), air conditioning
(aic), automatic control (auto), fan, rlcfrost (rlct), mode, and
recirculation (rccirc). The buttons arc locaterl in the occu-
pant compar&ment 46 of. the vehicle and are electrically
connecied &o the ihg&tal input section ol. the electronic
control umt 32. It should be appreciated that the bunons
provide a digital input to the electronic control unit 32

Thc A&C system 10 also includes a display (not shown) to
display infom&ation from thc electronic control unit 32 such
as tempera&ure, mechanisms on or actus&ed, etc. The display
&s electmcally connec&ed to &he ihg&tal outpu& secnon of the
electronic control unit 32 The display may include a plu-
rality of lights (not sho&vn) such as li ht emitting diodes
(I.LI)s) to indicate &vhich buttons are on

lr)
The A&C sys&em 10 also includes a plurali&y of mecha-

nisms (not shown) such as actuators, motors, clutches and
soleno&ds &o control various components of the A&C system
10 such as air flo&v doors, bio&ver, arc clutch, etc The
mechanisms are electrically connected to the electronic
control unit 32. It shoulrl bc appreciated that the clcctronic
control unit 32 controls the doors and thc blower or fan 14
&o reguhite the tempera&ure aml tlow of a&r into the cab&n or
occupant compartmen& 46 of the veh&cle. It should be
appreciaied that, for automatic control of the tempera&ure
and flow of air in the occupant compartment 46 of the
vehicle, the A ('ystem 10 monitors conditions within and
outside the occx&pant compartment 46 and gcncratcs signals
to control thc plant actuators according to thc conditions as
md&cated by the sensors.

Referring to I'l(l. 3, the desiccant dryer 18 may be of a
carousel type having a carousel 50 &v&th a plurality of,
preferably t&vo, active chambers 52 and a regeneration
chan&ber 54. Thc desiccant dryer 18 includes a rotary motor

8& (not shown) to move the carousel 50 around to the regcn-
erauon position. The desiccant &tryer 18 is located &n the
hous&ng 12 of the A,'C sys&em 10 anil connecteil to a source
of vacuum for the regeneration chamber 54 It should be
appreciated that the motor is controlled by the electronic
control unit 32. It should also be appreciated that the
desiccant dryer 18 is compact anil lightweight. It shoulrl
further bc apprcciatcd that thc desiccant dryer 18 is able to
cycle rapidly aml hokl a partial vacuum.

Referring to I'IG 4, another embodiment of the desiccant
8& dryer 18 is sho&vn I.ike parts of the desiccant dryer 18 have

like refercncc numerals incrcascd by onc hundred (100). In
this embodiment, the rlcsiccant rlryer 118 may be of a plate
&vpe having a pluraliiy of plates 156 forming a plural&ty of,
preferably four, achve chambers 158 aml &wo regenerauon

ss chambers 160. The airflow is closer to the regenerauon
chambers 160 The desiccant dryer 118 includes a linear
motor (not sho&vn) to move plates 162 to have heat transfer



from the active chambers 188 Io the regeneranon chambers
160. 'I'he desiccant dryer Hg is located in the housing 12 of
the A/('ystem 10 and connected to a source of vacuum for
the regeneratinn chambers 160. It should be appreciated that
thc motor is controlled by the electronic control unit 32. It
should also bc appreciated that thc desiccant dryer 118 is
compact and lightweight. II should further be appreciaterl
that the desiccant dryer 118 is able Io cycle rapidly aml holrl
a partial vacuum

Referring to HG. 5, yet another embndiment of the
desiccant dryer 18 is shown I.ike parts of the desiccant
dryer 18 have like rcfcrcnce numerals incrcascd by two
hunrlrcrl (200) In this cmbodimcnt, the desiccant dryer 218
may bc of a plate and tube type havin a plurality of tubes
264 forming 0 plurality of., preferably lour, acnve chambers
anil a plurality of tubes 266 forming a plurality of., preferably
four, regeneration chambers. The desiccant dryer 218 is
located in a cavity (not shnwn) in the ceiling or rnof (not
shown) of thc vchiclc or under the seats (not shoivn) of a
driver and passcngcr occupant (not shown). The desiccant
dryer 218 may include a perforated cciiing 268 if mounted
in the roof of the occupant compartment 46. IL should be
apprectateri that, although efliciency ts lost due Io Lhe lower
relative humidity in the vehicle, the cabin nr occupant
compartment 46 has more room to accommndate the des-
iccant dryer 218. It should aLso bc appreciated that thc tubes
266 arc connected to a source of vacuum. It should further
bc apprcciatcd that thc desiccant dryer 218 is able to cycle
rapi&fly and holil a parnal vacuum.

Refernng to FIG. 6, a method, according to the present
invention, of. controlling Ihe A,'C system 10 is shown. The.
method starts or begins in block 300. The temperature
sensors, in car humidity sensor, the blend/fresh air door
position sensors, blower motor speed sensor, and sun load
sensors arc used by the method to calculate thc total themial
or heat loari in blocl 300. The thermal load can be approxi-
materi by direct calculation, but it is more common Io
calculate a pseudo-load number, termed the Valavg, as
follows

Vala a

50
LD0

L30
ii

3.
00

iso

In lilnck 304, the target evaporator outlet temperature is
used to calculate HR„„Using the derv point frnm a
psychometric chart as illustrated in FIG. 7, it is possible to
deduce thc corresponding humidity ratio:

HR „., =fpavch- hart(T„, )

In block 306, Ihe method calculates the humiihty ratio
(HR,.H„) in the cabin or occupant compartment 46. The
humidity ratio (HR„„„„) in Ihe occupant compartmenL 46
can also be rletermined from psychometric calculatinns or
appropriate apprnximations

Vala S=OITact-KL*saa+KZ "T„¹K3 "Ti „,RK4'T„a„

The method advances Io blocl 3U2 anti the total heal loari
on the A/(: system 10 is used by the method to calculate a
target evapnrator outlet temperature (T„„) in block 302
This can bc done, again by direct caiculation from the
thermal load, or morc commonly by a loot -up table based on
thc Valavg as follows:

HR„„„=fpai ch-chart(T„„„Rh„a„,)

If thc humidity ratio calculated for thc occupant compart-
ment 46, as illustraterl in FIG. 7, is greater than 0.(69
I g „...I g„„, there ts 3 need to reduce Ihe humidnv in Lhe

occupant compartment 46. This is achieved by con&liuoning
the air into the occupant compartment 46. A simplified
method is as folloivs (an offset humidity ratio of 0008 is
uscrl to cnsurc convergence around 0.009):

10 HRa„,„m=0 000-(HR„„„r 0 0(99)

('omparing the tivo humidity ratios, it is possible to
determine whether or not the desiccant dryer 18,118,218 is
required. If HRT„„„ is greater that HRdc„„„n then the
desiccant rlryer 18,118,218 nccrls to be activatcrl If thc
diilerence is greater than Ihe desiccant dryer 18,118,218 is
capable of, then the evaporator exit iemperature (T,„„,)
needs to be reduced.

In block 308, the method calculates the difl'erence in
humiditv ratio (AHR) between blocks 304 and 306 as
follows;

aHR=HR,„„„a-HR„,„

The method then advances to block 310 and determines
ivhcther AHR is greater than a predetermined value such as
zero. If so, thc nicthorl then arlvances to block 312 and turns
Ihe desiccant dryer 18,118,Z18 Oil anti Ihe rxtmpressor 28
On.

If. not, the method advances Lo diamond 314 aml deter-
mines whether Al IR is less than a maximum predetermined
value (AHRa,„,). AIIRa,, is a value determined from the
capacity of thc desiccant dryer 18,118,218 as follows

0HR„„=Idm„m/diwdar„¹di)

Where: dmnaccd)=Humidity removal capacity of ihe des-
iccant dryer hr; and

dm„„idt=Air flow rate.
If so, the method then advances to block 316 and turns the

desiccant rlryer 18,118218 On and thc compressor 28 On.
90 If not, thc method advances to block 118 and rccalculatcs

the evaporator outlet tcmperaturc (Ta,.„). Thc ncw evapo-
rator outlet temperature is determined by~the dewpoint of the
sum of HRa„„„anil AHR„„, as follows:

, „,,3 a=f a,„m,„„,tiilt „„,,+alia„„„i

The method then advances to block 320 and turns the
desiccant rlryer 18, 118, 218 On anil thc compressor 28 On.
It should bc apprcciatcrl that thc clcctronic control unit 32
turns Lhe compressor On and Olf vui an electromagnetm

90 clutch, which controls ihe outlet evaporator temperature via
Ihe valve 3U. IL should aLso be appreciate&i that by turning Lhe

desiccant dryer 18, 118, 218 On, the re eneration chambers
are connected to vacuum to boil off the water vapor from the
desiccant materials thcrcin. It should further bc appreciated
that, as illustrated in FIG. 7, using a standard A''C loop, the
AcC system 10 with the compressor Zg can cool the air to
point ¹4 and then using Lhe ilesiccant dryer 18, 118, 218 to
isothermally dehumidify Ihe air Lo point ¹1.

The present invention has been described in an illustrative
manner. It is to be understood that the termmology, which
has been uscrl, is intcnrlcrl to bc in thc nature of words of
description rather than of limitation.

Many moddications aml vamations of Lhe present inven-
tion are possible in light of Ihe above teachings. Therefore,

as within the scope of the appenileil claims, the present-
invention may be practiced other than as specihcally
described.



What is claimed is:
l. An air conditinning (A C) system fnr a vehicle com-

prising:
an evaporator;
a desiccant rlryer located ilov:nstream of. said evaporator;
a compressnr fluidly cnnnected to said evaporator;
a plurality of sensors to provide inputs relatin to teni-

perature of said evaporator aml relative humidity of. an
occupant compartment of. the vehicle; and

an electrnnic cnntrol unit electrically cnnnected to said
sensors to rcccivc the inputs thcrefroni and electrically
conncctcd to said desiccant dryer and said coniprcssor
to turn saul desiccant dryer and said compressor On and
Off to control the temperature and relative humidity of
air to the occupant compartment

2. An A/('ystem as set fnrth in claim I wherein said
compressor is a variable displacement compressnr.

3. An A C system as sct forth in claim 1 wherein said
sensors include a sunload sensor disposed in the occupant
compartment.

4. An AiC system as set forth in claim 1 wherein By vair(
sensors include a blend door position sensor.

5 An A ('. system as set forth in claim 1 ivherein said
sensors include an amliient temperature sensor.

6. An A/C system as sct forth in claim 1 ivhercin said
sensors include an interior temperature sensor disposed in
the occupant compartment.

7. An A/C system as set forth in claim I wherein said
sensors inclurle a relative humidity sensor disposed in the
occupant compartment.

g. An A/('ystem as set fnrth in claim I wherein said
sensors include an evaporator temperature outlet sensor.

9. An A C system as sct forth in claim 1 wherein said
sensors include a blower fan sensor.

1U. An A/C system as set forth in chiim 1 including a pulse
wnlth moihlication valve connected to the compressor anil
electrically cnnnected to said electronic control unit

11 A method of contrnlling an air conditinning (A/C)
system for a vchiclc comprising:

providin ~ an evaporator, a desiccant dryer located down-
stream of the evaporator, anil a compressor fluidly
connected to the evaporator;

receiving a plurality of sensed inputs frnm sensnrs relat-
in ~ to temperature of. the evaporator aml relative
humiihty of. an occupant compartment of the vehicle;
anil

controlling the temperature aml relauve humiihty of air to
the occupant compartment based on the received inpuas
by turnin thc desiccant rlrycr anil thc compressor On
anil Ofi'.

12 A method as set forth in claim 11 including the step of
calculating a thermal load on the vehicle prior tn said step of
controlhng.

13. A method as set forth in claim 1Z including the stepis of calculating an evaporator tcmpcraturc outlet of the evapo-
rator and dcrivin a humirlity ratio out of thc evaporator.

14 A method as set forth in claim 13 includin the step
of calculating the humidity ratin of the nccupant compart-
ment of. the vehicle.

15. A method as set forth in claim 14 including the step
of calculating a diffcrcnce in thc humidity ratio bctivccn thc
evaporator and the occupant compartment.

16 A method as set forth in claim 15 including the step
of determining ivhether the difference in the humidity ratio

as is greater than aero
17. A method as sct forth in claim 16 including the step

of turning thc desiccant rlrycr Ofl and thc compressor On if
the ddference in the humidity rano is greater than zero.

18. A method as set forth in claim 16 including the step
.io of determining whether the difference in the humidity ratio

is less than a hmnidity ratio maximum value.
19 A method as set forth in claim lg including the step

of turnin thc desiccant dryer On anil the compressor On if
thc difl'crcnce in the humidity ratio is less than thc humidity

as ratio maxlmllm value.
ZU. A method as set forth in claim 19 including the step

ol. recalculatmg Ihe evaporator outlet temperature of the
evaporator.


