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PCT/ US97/ 13721 Make-up Air Handler Wth Direct Expansion
Dehumi di fication Field O The Invention
The present relates to make-up air systens that control
terrpgrature a%sﬁt&ﬁr’nﬁg‘lty and/ or cleanliness of nake-up air, AGFYIBYB™H
particularly to clean room make-up air systens.
Background Of The I nvent | on ‘b/a fac' [iti es . ch .as. sem conduct or
cl ean roons, typicaffses AngLE OGS XRARSI0K L.

make-up air be introduced into the facility to conpensate for propess air
usage and | eakage or to conply with code requirements. Such facilities
often require that the relative hpRidOerHeIntéiicir W thin a buil ding be
controlled to a preselected target setting. A nake-up air handler renders
outsi de air that The prasemtsiaventicorrelates tomsalebeup hie sydtems thiap comizol

temperature and humidity and/or cleanliness of make-up air, and more
particularly to clean room make-up air systems.
Background Of The Invention

Many facilities, such as semiconductor clean rooms, typically require that
significant quantities of outside make-up air be introduced into the facility to
compensate for process air usage and leakage or to comply with code
requirements. Such facilities often require that the relative humidity of the air
within a building be controlled to a preselected target setting. A make-up air
handler renders outside air that is necessary for use inside the plant to the
conditions required to maintain control inside the plant. This typically requires
temperature, humidity, and contamination control. Depending on outside air
climatic conditions, this typicallv includes dehumidification by cooling of make-
up air to extract undesirable moisture and may include air filtration when
cleanliness of the inside environment is required: one conventional system for

humidity control is described below in conjunction with Figure 1.

Summary of The Invention

In the present invention, a make-up air handler controls the temperature
and humidity in the make-up air stream with a direct expansion chiller integrated
with the operation of the make-up air handler. The direct expansion chiller
system includes: a compressor unit, an air stream cooling coil, an expansion valve,
and an air stream heating coil. The air stream cooling coil removes heat from the
air stream and heats the working fluid of the direct expansion chiller system, thus
replacing the function of the secondary cooling coil in a conventional system. The
air stream heating coil rejects heat from the direct expansion chiller system back

into the air stream, thus replacing part of the function of the heating coil. If air



conditions required to maintain control inside the plant. This typically
requires tenperature, humdity, and contam nation control. Dependi ng on
outside air climatic conditions, this typically includes dehum dification
by cooling of make- up air to extract undesirable noisture and may incl ude
air filtrati &YOMWM6P4 cl eanl i ness of the inside environnment PETP&RJIAREd: one
conventional systemfor humdity control is described below in conjunction
with Figure 1. Summary of The I nvention
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fluid of the direct expansidn chi system thus replaci e function
of the secofiate reR@ivieMaintidity of thetaif SN 1da®gl the yiFtsereamHrating csil 6f r eam

heating coil rejects heat fromthe direct expansion chiller system back
the direct expansion chiller system is sufficiently low to cause contaminants to
form particles for removal by a filter.

A clean room facility includes such a direct expansion air handler for
controlling the temperature and humidity in make-up air and, optionally, the
additional function of removing contamination from the make-up air stream. The
clean room facility also includes a clean room coupled to the direct expansion unit
for receiving the make-up air. In such a facility, the make-up air handler could be
using 100% outside air or some mixture of outside and recirculated air.

The air handler of the present invention provides chilling more cfficientlvy
and thus reduces the size and cost of the chiller plant and associated piping and
electrical systems for a given facility size. The air handler provides more precise
control of temperature and humidity. The air handler of the present invention
may include the direct expansion system built within the air handler to thereby
eliminate the need for a secondary chiller and associated piping and controls at a
remote plant.

Dehumidification is often advantageous during plant construction. Because
the direct expansion chiller may be part of the air handler, the direct expansion
chiller can more economically provide dehumidification earlier in the construction
cycle of the facility. The direct expansion chiller system removes moisture from
the air stream, which may contain contaminates, and also can render the
appropriate relative humidity to the air stream to remove contaminates by

filtration.



I nto t_'he air stream thus replacing part of the function of the heating
coil. If air WO 98/ 02694
PCT/ US97/ 13721 cl eaning functions are desired, the systemis operated so

that noi sture y§ogpmgeadensed at the air stream cool | ng coil
condensabl e and water soluble contam nants fromthe air strgﬁﬁn%%yl

noi sture nay be added by a conventional humdifier. In addition, the

di rect expansion chiller system nay be operat ed so that the relative
humidity of the air stream | eBXighBesqiptigno ATAWIAZR i ng coil of the
direct expansion I stem.i ff| entl to se contam nants
to formparticl eis;p#se ag?é’ﬁ%\)’ﬂ Y dset P rlgfrs}’ec’f1¥ OL’GV\{RE'EFS%#“FSS%%%M lity

i ncludes sucBraedl 1’1'1961&1&%(&%@1%1@%@ HisPRIEd B thE%llovGi?lgts;:Q&h%ﬂﬁn; Rference
tenperature and humdity in make-up air and, optiona , the
being had to the accompanying drawings, in which:

Figure 1 is a block diagram iliustrating a conventional make-up air handler.

Figure 2 is a block diagram illustrating a direct expansion make-up air
handler in accordance with the present invention.

Figure 3 is a block diagram illustrating a clean room facility using the direct
expansion make-up air handler of Figure 2.

Figure 4 is a psychrometric diagram illustrating an exemplary thermal cycle
of the direct expansion make-up air handler of Figure 2.

Detailed Description of the Preferred Embodiments

Referring to Figure 1, there is shown a block diagram illustrating a
conventional make-up air handler 100, which comprises a preheating coil 102, a
humidifier 104, a primary cooling coil 106, a secondary cooling coil 108, a heating
coil 110 and a filter 112. The preheating coil 102 heats the incoming air when the
air is colder than a predetermined temperature. The preheating coil 102 is a
conventional preheat coil. The humidifier 104 adds moisture to the air when the
air is drver than a predetermined wet bulb temperature. The humidifier 104 is a
conventional humidifier. The primary cooling coil 106 cools incoming warm,
moist air to a preset temperature. The incoming air is typically in a wide
temperature range because of seasonal variations. This cooling is performed when
the ambient air temperature is warmer than the preset temperature. The primary
cooling coil 106 includes a series of coils using chilled water from a remote utility
plant (not shown).

The secondary cooling coil 108 further cools the air to a target dew point
temperature that is associated with a desired humidity. The secondary cooling
coil 108 has typically a lower temperature source of chilled water or a glycol

mixture. A glycol mixture allows the dew point temperature to be close to
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addi tional function of renoving contam nation fromthe make-up air stream
The clean roomfacility also includes a clean room coupled to the direct
expansion unit for receiving the nake-up air. In such a facility, the
make-up air handl er could be wusing 100% outside air or sone m xture of
out si de and W2 Wtated air. The air handl er of the PEEE®IL3721

I nvention provides chilling nore efficiently and thus reduces the size and
cost of the chiller plant and associ ated piping and electrical systens for
a gi ven f acfr¢dzing. STirdowEh teraperatvae sdcondpriosooting coibi @B typéeily das clobersol  of
tenperature and hum dity. The air handl er of the present invention my
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controls atﬂjg' Qﬁg%{ngﬁrﬁcgﬁﬁqg it %e%étl}ren%%ﬁo?\ ?ggfl(isoo%ﬁgggggg gée)%'%advant ageous

during pl andon¢emsdrallebilOthat BRGAHISSiatbd BhilleFsqaibt ﬁiﬁﬂﬁpwﬂ& Fdck hede (gBy be
chni

part of the air handler, the direct expansion er can'nore
economi cal | the prievhal endirboumiedi. fitedteating eail 11(krehieats tieaic antherdesiredair cycl e of
the facility. The direct expansion chiller systemrenoves noisture from

the air st riSHPErafHrecier mtyodusHpRitha &silitymThahestingenil HOSypically raspives t he
the heat from a remote heating facility (not shown). The conventional make-up air
handler 100 removes contaminants in the air by conventional water washing (not
shown) or filtration by the filter 112.

Referring to Figure 2, there is shown a block diagram illustrating a direct
expansion make-up air handler 200 in accordance with the present invention.
Referring to Figure 3, there is shown a block diagram illustrating a clean room
facility 300 using the direct expansion make-up air handler 200. The clean room
facility 300 includes a direct expansion make-up air handler 200 and a clean room
306. The direct expansion make-up air handler 200 provides make-up air to the
clean room 306 and controls the temperature and the humidity of the make-up air.

The direct expansion make-up air handler 200 includes a preheating coil
202, a humidifier 204, a primary cooling coil 206, a direct expansion chiller system
208, and a filter 218. The preheating coil 202 heats incoming make-up air when the
make-up air is colder than a predetermined temperature. The preheating coil 202
may be, for example, a conventional coil. The humidifier 204 adds moisture to the
make-up air when the air is dryer than a predetermined wet bulb temperature.
The humidifier 204 may be, for example, a conventional humidifier. The primary
cooling coil 206 cools the incoming air to a preset temperature. The primary
cooling coil 206 may be, for example, a conventional coil whose operation is
similar to the operation of the primary cooling coil 106. The primary cooling coil
206 may include, for example, a series of coils using chilled water from a remote

chiller plant (not shown).



appropriate relative humdity to the air streamto renove contam nates by
filtration. 2 WO
98/ 02694

PCT/ US97/ 1372 Brief Description 9of W ngs
These and ot hgo%ﬂl?@‘det ail ed and specific objects and feat u?@gﬁ%fm?‘hi
present invention are nore fully disclosed in the follow ng specification,

ref erence bei ng_had to the acconpanyi ng drawi ngs, in which: )
Figure 1 is a bl dbr ddfestpdmanpionshilersystgm 208 sislHdes 2 i stiarecaghngpil

Qigglngir 6n m;'klg’- %npaig Ifl?ézjarn% hizaatliﬁg ?oiP il%:!a( cgrllrlgx%rsgorp il|4,| aunséf a{naé)ipggsign Q;'afv%%(,_
' The direct expansion chiller system 208 performs dehumidification of the make-up

air by lowering the air temperature to a target dew point temperature that is
associated with a desired humidity. The compressor 214 compresses and
circulates a refrigerant working fluid between the coils 210 and 212. The air
stream cooling coil 210 lowers the air temperature to a target temperature which
causes condensation and dehumidification of the air stream. During the process,
energy is transferred to the refrigerant fluid. The heating coil 212 reheats the air
stream to a second target temperature by rejecting heat from the refrigerant fluid
to the make-up air, thereby cooling the refrigerant. The expansion valve 216
controls the flow of the refrigerant fluid between the coils 210 and 212. Air may be
recirculated from the clean room 306 to the direct expansion make-up air handler
200.

The primary cooling coil 206 and the air stream cooling coil 210 condense
water from the make-up air to remove contamination from the make-up air.
Additionally, the direct expansion chiller system 208 may be operated such that
the relative humidity of the air stream is lowered to a relative humidity at which
contamination forms particles that are removable by the filter 218.

Referring to Figure 4, there is shown a psychrometric diagram illustrating
an exemplary thermal cycle of the direct expansion make-up air handler 200. The
horizontal axis 400 represents dry bulb temperature. The vertical axis 401
represents dew point temperature. Points 402, 404, 406, 408, and 410 represent
various thermodynamic states of the make-up air during the thermal cycle of the
direct expansion make-up air handler 200. The point 402 is the entry condition of
make-up air to the direct expansion make-up air handler 200. The point 410 is the
target condition of the discharge make-up air from the direct expansion make-up
air handler 200. Lines 412-1, 412-2 and 412-3 show lines of constant relative

humidity. The line 412-1 represents 100% relative humidity. The line 412-2 is the
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handl-er in accordance with the present invention. Figure 3 is a

bl ock diagramillustrating a clean roomfacility using the direct
expansi on nake-up air handl er of Figure 2. Figure 4 is a
psychronetric diagramillustrating an exenplary thermal cycle of the
direct exparn¥Pa®0iske-up air handl er of Figure 2. PCT/USY7/13T}t ai | ed
Description of the Preferred Enbodi nents Referring to Figure 1,
there is shown a block diagramillustrating a conventional make-up air

handl er 10@elatidé Riimeditipsod the $niat ir ewbtdiregt ©@iahsidh thale-ugairhandleerTHO04, a
primary cooling coil 106, a secondary cooling coil 108, a heating coil 110
and a filtdipe ﬁz_}.s istthe rplative hutmdity tirgetind thendisehargeef thadigertrRypansiomhen t he
air is colder than ﬁ r.ed éerm’ ned tenperature. The preheating coil 102 is
a convent PFEREHHYE glg([ﬂe& 9. The hunmidifier 104 adds roisture to the air

when the air i4pglheteh R0 Ad Rk e B SE: ARk AR BB bl Lol e

hum difier 104 is a onventlona pri‘mary “coo ~coil 106
cool s i NCoRDeE 2@ PoifPAGE, THe prirflaly doolAE toil 2T the tnakbh€p AiRGAtHOAY air 1S

typically in a wide tenperature range because of seasonal variations. This

cool i ng i srgee¥ingmecistuitenntil the make-up air reaches the temperature and humidity of
the point 404. The primary cooling coil 206 then continues to cool the make-up air
but also removes moisture from the make-up air. During this stage, the
temperature follows the line 412-1 of constant 100% relative humidity until
reaching the point 406. Air moves to the air stream cooling coil 210 of the direct
expansion unit 208 which cools the make-up air and removes moisture from the
air along the line 412-1 of constant 100% relative humidity until reaching the point
408, which has the same wet bulb temperature as the target wet bulb temperature
410. The air stream heating coil 212 then heats the make-up air until the air
reaches the target point 410. The direct expansion air handler 200 provides make-
up air to the clean room 306 at the desired temperature and humidity by using the
rejected heat from the cooling cvcle to reheat the air.

The above description is included to illustrate the operation of the preferred

embodiments and is not meant to limit the scope of the invention. The scope of
the invention is to be limited only by the following claims. From the above

discussion, many variations will be apparent to one skilled in the art that would

yet be encompassed by the spirit and scope of the invention.



t he anb”mu ’ 'lﬂﬂ,ﬁ ’mure is warmer than the preset tenperature. The
primary 6 includes a series of coils using chilled water

froma renote uti'li fy * plant (not shown). The secondary cooling coil

108 further air to a target dew point tenperature that is
associ ated w ?ﬁbéﬂ/ﬁ:&% red huni .tm @;ﬁoggg( cooling c&CTUBRHI3AHS
typically a | ower tenperature so § rg% I"e iﬂter or a glycol mxtu
A glycol mxture allows the dew paoi ntR L,al.u.r to be close to

3 Wohatgs olatadd is:

PCT/ US97/ 13721  freezing. The | ower tenperature secondary cooling coil
typically has chillers at a renote site (not shown) with the associ ated

i pi to th Kk dl | i | 106 and
IF’.)Ith ggco(rjl dar;\ rcn(s)l O?I ﬁg gézfl{ec %@aﬁ%xgn air andh 16t £61 com%r&fhng the' Qx%p(e:roalture o? angl1 &

humidity in make-up air, the air handler comprising;

a primary cooling coil for cooling the make-up air to a first preset
temperature;
a humidifier for adding moisture to the make-up air; and
a direct expansion chiller system for dehumidification and reheat of
make-up air to a target temperature and humidity, the chiller system including
an air stream cooling coil for cooling the air to a second preset
temperature and for dehumidifying the air to a target humidity, and
an air stream heating coil for reheating the dehumidified air

to a desired air temperature of the facility.

2. The direct expansion air handler of claim 1 wherein the primary
cooling coil and the air stream cooling coil of the direct expansion chiller system
condense water from the make-up air to remove contamination from the make-up

air.

3. The direct expansion air handler of claim 1 wherein the primary
cooling coil, and the air stream cooling coil and the air stream heating coil of the
direct expansion chiller produce a relative humidity in the air stream at which

contamination forms particles that are removable by a filter.

4. A clean room facility comprising:
a clean room coupled to the air handler of claim 1 wherein the air

handler controls the humidity of the make-up air in the clean room.

5. The clean room facility of claim 4: This Sheet Has Been Replace
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t he desiredcait ure floHI§ rBHEeUuety epef ¢ a facility. The heating
coil 110 t plcally receives tlhe heatpfs-om a refote heating facility (not
shown). The ¥AYEMREPONal make-up-ai-r- —hang}erml 0 renoves CcEOTAIPHEIMIS in
the air by conventional water washing (not shown) or filtration by the
filter 112. Referring to Figure 2, there is shown a bl ock di agram
illustrating a directwhenpatheippimmargkeolipg eoil aththe|direc@BPansionekitleslance wit h
the present invention. Referring to Figure 3, there is shown a bl ock

di agram i | | 64t cPRdense (atenfremshe coeled pirty rgpeve canfamination froattheaimansi on
make-up air handl er 200. The clean room facility 300 includes a direct
expansi on neke-up air handler 200 and a clean room 306. The direct

expansi on nmake- uyp ai rTwn%ogchmfmggﬁg@ake-up air to the clean room
306 and controls the tenperature and the humdity of the make-up air.

The direct expansi on wihéreinthe Primdrgrdbig eslDandhetiiest éxpansibe ahilleg coi |
202, a humdifier 204, a primary cooling coil 206, a direct expansion
chi | | er syssxstem modlfv the humidity of the air stream such that a filter can remove

conventl ave associated chillers (not shown) which reject
heat to @ ”ﬂ E ! iron The heating coil 110 reheats the air to
y

contamination from the air.

This Sheet Has Been Replaced




208, and a filter 218. The preheating coil 202 heats incom ng nmake-up air
when the nake-up air is colder than a predeterm ned tenperature. The
preheating coil 202 my be, for exanple, a conventional coil. The

hum di fier 20 isture to the make-up air when the air_is dryer than
a predeterm née]‘ga\%g@“g‘ﬁl b tenperature. The hunidifier 204 may FESH

exanpl e, a conventional humdifier. The primary cooling coil 206 cools the
incomng air to a preset tenperature. The primary cooling coil 206 may be,
for exanple, a conventional coil whosd gpgration is simlar to the
operation of the primary cooling coil 106. The primary cooling coil 206
may i nclude, for exanple, a series of coils using chilled water froma
remote chiller plant (not shown). y
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WO 98/ 02694

PCT/ US97/ 13721 The direct expansion chiller system 208 includes an
air streamcooling coil 210, an air streamheating coil 212, a conpressor
214, and an ex valve 216. The direct expansion chlller system
performs dehuni 3 1i| cafion of the make-up air by |owering theP% ’¥597’1372‘
tenperature to a target dew point tenpefdture that is associated with a
desired hum dity. The conpressor 214 conpresses and circulates a
refrigerant working fluid betmeen tde coils 210 and 212. The air stream

cooling coil 210 | per at ure whi ch
causes condensation and dehunldlf'-‘ 'on of the air stream] During the
process, energy i transferred t(ﬁttb he heating coil
212 reheats the aif streamto a d target tenperature by rejecting
heat fromthe refrjgerant fluid [ cooling the
refrigerant. The expansi on valve controls t he fIOM/of t he refrigerant
fluid between the [cqrs2ro—amr—2r2—Arr—may—te—Tecrrcyl atled fromthe
cl ean room 306 to fthe glirect expansjon make-up air hand]er § 200.
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The primary cooling coil 206 and the air streamcooling coil 210 condense
water fromthe nmake-up air to renove contam nation fromthe nake-up air.
Additionally, the direct expansion chiller system 208 nay be operated such
that the relative humdity of the air streamis | owered tol@“%ﬁkﬁkbﬁp
hunidity at WYPER026@bnt ani nation forms particles that are removabl e by th
filter 218. Referring to Figure 4, there is shown a psychronetric
diagramillustrating an exenplary thermal cycle of the direct expansion
make-up air handler 200. The horizont3lsqxis 400 represents dry bulb
tenperature. The vertical axis 401 represents dew point tenperature.

Poi nts 402, 404, 406, 408, and 410 represent various thernbdynam c states
of the make-up air during the thermal cycle of the direct expansion
make-up air handl er 200. The point 402 is the entry condition of nake-up
air to the direct expansion make-up air handler 200. The point 410 is the
target condition of the discharge make-up air fromthe direct expansion
make-up air handler 200. Lines 412-1, 412-2 and 412-3 show |lines of
constant relative humdity. The line 412-1 represents 100% rel ative

hum dity. The line 412-2 is the 5

Clean Room
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WD 98/ 02694

PCT/ US97/ 13721 relative humdity of the inlet air to the direct expansion
make-up air handler. The |I|ine 412-3 is the relative humdity target at t he
di scharge of the direct expansion make-up air handl er 200.

tenperature antCftYity of the air entering the primry cooPFF@E$WFP1 206
is at the point 402. The primary coolifg/dpil 206 chills the make-up air

wi t hout renoving noisture until the nake-up air reaches the tenperature
and hum dity of the point 404. The primary cooling coil 206 then continues
to cool the make-up air but also renobves noisture fromthe make-up air.

During this stage, the tenperature follows the,line 412-1 of constant 100%
relative humdity until reaching the point 40 Air noves to the air
stream cooling coil 210 of the direct E
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expan5| cool $sthE make=tp- '_rmﬂnd renoves noi s =
the a| 'zylie“mjjjglflz 1 {BEPLARENEN S Bl el ative h%m N?%HE 1
reachi ng as the safié Wet| bul b tenperature as the

target wet buI b tenperature 1 CT g iy RogRt r Bam heaj.ing coil 212 then
heats the nmake-up air until the air reac% L he tar gBisPo ﬁl
di rect expanwﬂlﬂl mpeadqgl er 20 'ﬂes-—ﬁﬁke- up jair t %&E ﬁ(gg Hoom
306 at the desired ?enperatur and hum dity by pusi ng—the ed heat
fromthe coolli rpgcmgmIeepatrmdnealitaamdtemor&bmrolhngatemﬁéretuaé)@ﬂ/axcﬂm&mr@t ion is
included to illuystrate the operation of the preferred enbodinents and is
not mear*ﬁ*’ aerosuppkﬁd( atiapeuleifepusst farkgampledn gifemlityTHie diteelRxpamsion §e i nvent i on
is to bg, r%q#gl by the followi ng clainms. Fromthe above di scussion,
many var| atlons be apparent to one skilled in the art that would vyet
be emconpassed by thdeuttgdi rit and scope of the invention.

a direct expansion chiller system for removal of moisture and reheat of the
air to a target temperature and humidity, the direct expansion chiller system including:
a first cooler for cooling the air to a second preset temperature and
for reducing the moisture in the air to a target moisture level; and
10 a first heater coupled to the first cooler for reheating the
dehumidified air to a desired temperature; and
wherein a refrigerant is circulated between the first cooler and the
first heater; and
an air processor comprising at least one selected from:
15 a filter placed downstream of the first cooler and upstream of the
outlet, the filter for removing contaminates from the air;
a humidifier for adding moisture to the air; and

a second heater for adding heat to the air.

2. The direct expansion air handler of claim 7 wherein the second cooler

condenses water from the air, thereby removing contamination from the air.

3. The direct expansion air handler of claim 7 wherein at least one selected from
the second cooler, and the air stream cooler and the air stream heater of the direct |
expansion chiller adjust a relative humidity in the air to a level not higher than a level at
which contamination in the air forms particles that are removable by a filter.

4. The direct expansion air handler of claim 2 wherein at least one selected from
the second cooler and the first cooler and the first heater of the direct expansion air
handler adjust a relative moisture level in the air to a level not higher than a level at

which contamination in the air forms particles that are removable by a filter.

heet Has Been Replaced
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for use in a facility, the directji expansi on ainf handl er conpri sing:

the nutlet; a direct expanSion—chitter—syst W THDA
noi sture and reheat of the air 9 a _f| rst tenperat}uﬂﬂs SHEPEEEP
a fir 3
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wherein the direct expansion air handler controls a humidity of make-up air supplied to

the clean room.

6. The clean room facility of claim 5:
wherein the second cooler and the direct expansion chiller system

condense water from the clean room air to remove contamination from air supplied to the

clean room.

7. The clean room facility of claim S:
wherein at least one selected from the second cooler and the direct
expansion chiller system modifies the humidity of the air supplied to the clean room such

that a filter can remove contamination from the air supplied to the clean room.

8. The direct expansion air handler of claim 1, additionally comprising a second .

cooler for cooling the air to a first preset temperature.

9. The direct expansion air handler of claim 8, wherein the air processor

comprises the humidifier.

10 The direct expansion air handler of claim 1 wherein the air processor

comprises the heater.

11. The direct expansion air handler of claim 1 wherein the air processor

comprises the second heater.

12. The direct expansion air handler of claim 1 wherein the air processor

comprises the filter.
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cooler, and the first cooler adjust a relative moisture level in the air to
a | evel thﬂ(ﬁﬁcqmgﬁ@peratwmmd Ia)tﬂleéhet than tlwfﬂémhp@()mﬁathe aiaif Andrthé¢raby teducing f or s
particl iR lé\p ? ﬁumldlit?'m%\{he air toby thlrg%umxél y 1eve1 lower than the second humidity
level;
10 passing the air near at least a portion of the third surface having a temperature
higher than the third temperature, thereby warming the air to a fourth temperature higher
than the third temperature; and

supplying the air substantially at the fourth temperature to the outlet.

14. The method of claim 13, comprising the additional steps of:
receiving the air at a first temperafure and a first humidity level,
passing the air near a first surface having a temperature lower that the first
temperature, thereby cooling said air to a second temperature below the first temperature
5 and not higher thaﬁ the dew point of the air, and thereby reducing the level of humidity of
the air to a second humidity level lower than the first humidity level; and
wherein the air passed near the first surface has a temperature substantially the

same as the first temperature.

15. The method of claim 14, wherein the air is passed near the second surface

after the air is passed near the first surface.

16. The method of claim 14, wherein the air is passed near the third surface after

the air is passed near the second surface.

17. The method of claim 14 additionally comprising the steps of:

receiving the air at a fourth temperature lower than the first temperature;
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18. The method of claim 17 wherein the fourth temperature is lower than the

temperature of the first surface.

19. The method of claim 13 comprising the additional step of raising the

temperature of the air.

20. The method of claim 13 comprising the additional step of adding moisture to

the air.

21. The method of claim 13 additionally comprising the step of passing the air

near a filter after the passing the air near at least a portion of second surface step.

22. The method of claim 21 additionally comprising the step of providing the air

to a cleanroom.
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7. The direct expansion air handler of claimb5: whe REPLACEMENE LHEET
one sel ected froﬁlﬂlﬁmﬁmﬂnﬂlﬂﬁmer and the direct expansion chiller

- system nodi fi es he air supplied to the clean room such

that the filter can fenové Eonfanination fromthe air supplied to the

cl ean room 8. The direct expansion air handler of claim1

addi tionally codpedtekpghsoinagitifcl & coatrollingddégeriRtSs {ILQ1 moistre i 1.
9. The direct expansion air handler of claiml| additionally conprising a

SeCQﬂQnE‘ﬂ?&ﬁft af'\%ﬁtlx.t BAdidg ahfgahiyt tchxeeclaéxrp'msxon air ‘mdler]c%mpb\ [t hod of

renovi ng hum fromair supplie an outl et use I'n a“faC| lity, the
nmet hod c |ng recei vi ng the air at a first tenperature and a
first hu y1eve| transferring heat froma first surface to a
second surface ssing the air near at |east a portion of the

first sur¥dest Wﬂ@“éh’t”éhﬁ@FCél% A eceid of medsture apdechptafithe airpet btstr e,
thereby cooling said air to a second tenperature below the first
t enpenperaruec andiimemnioty, thic glirect dxpasidohailtewygemncladinghe air, and t hereby
reducing the level of humdity of the air
a first cooler for cooling the air to a second temperature and for reducing the moisture in
the air to a target moisture level; and
a first heater coupled to, and downstream from, the first cooler for heating the airto a
third tempcerature; and wherein:
a relrigerant is circulated between the first cooler and the first heater; and

the dircct cxpansion air handler adjusts a relative moisturc level in the air to a level not

higher than a [cvel at which contamination in the air forms particles that arc removable

by a filter located downstrcam from the first cooler.

2. The direct expansion air handler of claim 1, additionally comprising a second
cooler for cooling the air to a first preset temperature.

3. The direct expansion air handler of claim 2 wherein at least one selected from the first
cooler and the second cooler condenses water from the air, thereby removing contamination from
the air.

4. The direct expansion air handler of claim 2 wherein at least onc selected from the

second cooler, and the first cooler adjust a relative moisture level in the air to a level not higher

than a level at which contamination in the air forms particles that are removable by the filter.
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ssing the air near at |east a portion of the

second surfac than the second tenperature,
t hereby warning the &ir to athird tenperature higher than the second

tenperature; and supplying the air substantially at the third
tenper at iy qht Qi UidiG! ai ler of falipg air
reduced to a Iéve Xﬁ lﬁfa g‘r%‘ﬁe%cgwevel %ﬁ%e%%ﬁ@lqggﬁ%ﬁé%j% 1 57on in the
air f t hat are

met hog&m%dqﬁa‘lthr%&ig%‘&?%ﬁlr t aﬁ'aﬁf ﬁ%“a%%?&ﬁ? F%BH%\V "stt“é% Ypyair suppl: edo thi‘ ece| vi ng
t he alr at a fourth tenperature and a third humdity |evel;

pass‘1"n’@ﬁ':’13\‘é1 air near a third surface having a tenperature | over than the

fourth tenperature, thereby cooling said air to a fifth tenperature bel ow
t he fourth Theriecutpanssiamdir hetdler of claim 5:

wherein the second cooler and the dircct expansion chiller system condense water from
the cleun room air to remove contamination from air supplied to the clean room.

7. The dircct expansion air handler of claim 5:

wherein at lcast anc sclected from the second cooler and the direct cxpansion chiller

system modifies the humidity of the air supplied to the cleuan room such that the filter can remove

contamination from the air supplicd to the clcan room.

8. The dircct expansion air handler of claim 1 additionally comprising a humidifier for

adding moisture to the air.

9. The direct expansion air handler of claim | additionally comprising a second heater for

adding heat to the air.

10. A method of removing humidity from air supplied at an outlet for use in a facility, the
method comprising:

receiving the air at a first temperature and a first humidity level;

transferring heat from a first surface to a second surface;

passing the air near at least a portion of the_ first surface having a temperature lower than
the first temperature, thereby cooling said air to a second temperature below the first temperature

and not higher than the dew point of the air, and thereby reducing the level of humidity of the air

to a second humidity level lower than the first humidity level;
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hi gher than a aiT, and thereby reducing the REPLQCEMENT SHEET
hum di ty of thglimﬂ)mm“mmm“h hum dity level lower than the third

~hum dity |evel; +and the air passed near the third surface
has a terrperature substantlally the sane as the fourth tenperature before
It is passed near the third surface. 12. The method of claim 11,

wher ei N Hhgimd theias nQ:@rS‘ﬁQQasﬂ§ﬁém‘bh%fchrs%urﬁiUsrufr@Q@hﬁfxﬁceﬁ tdofferBlife Higher passed
near the third surface. . The method of c¢claim 11, wherein the

T S R oo

the s rece|V|ngthe air at a fourth tenperature | ower
thaﬁ“‘i‘wg t‘f'l’"P%rt’t“t“’e'rf‘figrat ur warming the air received to the fifth
t enmperature; and Fr ovi di ng the air warned.

supplymg the air substantially at the third temperature to the outlet; and

whercin the humidity of the air s reduced to a level not higher than a level at which
contamination in the air forms particles that ar¢ removabic by a filter.
['1. The method of claim 10, comprising the additional steps of:
rcceiving the air at a fourth temperature and a third humidity level;
passing the air near a third surface baving a temperature lower than the fourth
temperature, thereby cooling said air to a fifth temperature below the tourth temperature and not
higher than a dew point of the air, and thereby reducing the level of humidity of the airto a
fourth humidity level lower than the third humidity level; and
wherein the air passed near the third surface has a temperature substantially the same as
the fourth temperature before it is passed near the third surface.
12. The method of claim 11, wherein the air is passed near the first surface after the air is
passed near the third surface.
13. The method of claim 11, wherein the air is passed near the second surface after the air
is passed near the first surface.
14. The method of claim 11 additionally comprising the steps of:
receiving the air at a fourth temperature lower than the first temperature;
warming the air received to the fifth temperature; and

providing the air warmed.
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9 of claim14 wherein the fdEPLACEMENTeSKERTT e
i's | ower than thﬂ!ilmvmmfg" the first surface. 16. The
£l

- nmethod of claim Si ng the additional step of raising the

tenperature of the air. 17. The method of claim 10 conprising the
addi tional step of adding noisture to the air. - 18. The nmet hod of
cl ai m 101 aditid mathad by claimi intichgn thedotieenilertagss 04y et feanahé tefgtatare fil ter
after the passing the air near at |east a portion of second surface step.
19. ofifpe drthpdcof claim 18 additionally conprising the step of providing

the air to a cleanroom 20. A direct expansion air handler for
control | '1@9rﬁe SRS R LS 18 cbm?)pl(sjing Iesa;[cfémonapstcp o{ raising the temperature of
the air.

17. The method of claim 10 comprising the additional step of adding moisture to the air.

18. The method of claim 10 additionally comprising the step of passing the air near a
filter after the passing the air near at least a portion of second surface step.

19. The mcthod of claim 18 additionally comprising the step of providing the air to a
cleanroom.

20. A dircct expansion air handler for controlling a temperature of, and moisture in, air
supplicd at an outlet for use in a facility, the direct expansion air handler comprising:

the outlet;

a direct expansion chiller system for removal of moisture and reheat of the air to a first
temperature and humidity, the direct expansion chiller systerh including

a first cooler for cooling the airto a sgcc;nd temperature and for reducing the moisture in
the air to a target moisture level; and

a first heater coupled to, and downstream from, the first cooler for heating the airto a
third temperature; and wherein:

a refrigerant is circulated between the first cooler and the first heater; and

the direct expansion air handler condenses water from the air, thereby removing

contamination from the air.
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(54) Title: MAKE-UP AIR HANDLER WITH DIRECT EXPANSION DEHUMIDIFICATION

(57) Abstract

which can be removed by a filter (218).

Dirsct Expansion Make-up Air Direct Expansion Chitler System
Handler .ol Valve
J 216 _L
Make- _ o
X§ e Filter
Preheating Cooling - -1 -
— Coil » Humidifler Call 2|V
202 204 206
Compressor
214
200’

A make-up air handler (200) controls temperature, humidity and/or cleanliness of air. The make-up air handler (200) includes a direct
expansion chiller system (208). The direct expansion chiller (208) may be integral to the make-up air handler or remote. A clean room
facility (300) uses the make-up air handler (200) to supply air to a clean room (306). The make-up air handler (200) includes a primary
cooling coil (206) and a direct expansion chiller system (208), and may include a humidifier (204) and a filter (218). The direct expansion
chiller system (208) includes an air stream cooling coil (210) and an air stream heating coil (212). The heating and cooling coils (210, 212)
use a refrigeration fluid which is compressed and circulated by a compressor (214). Humidity is controlled by removing moisture which is
condensed from the air stream by a primary cooling coil (206) and the air stream cooling coil (210) of the direct expansion chiller system
(208). The energy removed by the air stream cooling coil (210) is reintroduced to the air stream by the air stream heating coil (212).
The process of removing moisture directly removes contamination. The process of lowering humidity causes contaminant particles to form
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