CONDENSATI ON TYPE DEHUM DI FI ER TECHNI CAL FIELD 5 [001] This invention
concerns dehum difier for the control of the roomhumdity and
tenperature. The dehum difier is of the condensation type and nay be
used in air conditioners or as part of air handling unit (AHU) in air
condi tioning systens or in enclosed environnents where hygroscopic
control is required 10 i ndependently from air cooling. BACKGROUND ART
15 [002] Indoor climte c PEﬂPﬂ neral air
conditioner has two funct?@%gﬁbnane ;ﬂ{gﬁngggﬁﬁgwhgagggng and

hum dity reduction. Wiile |owering tenperature is obvious in tropical
regions, reducing humdity is often taken for granted because the
chilled parts of an air conditioners (such as the heat exchanger of
the indoor unit) automatically functions as a dehum fier when 20

noi sture in roomair beconmes dew upon contact with the chilled parts
and TECHNICAL FIELD

[001] This invention concerns dehumidifier for the control of the room humidity
and temperature. The dehumidifier is of the condensation type and may be
used in air conditioners or as part of air handling unit {AHU) in air conditioning
systems or in enclosed environments where hygroscopic control is required

10 independently from air cooling.

BACKGROUND ART

15 [002] Indoor climate control apparatus such as the general air conditioner has
two functions, namely temperature lowering and humidity reduction. While
lowering temperature is obvious in tropical regions, reducing humidity is often
taken for granted because the chilled parts of an air conditioners (such as the
heat exchanger of the indoor unit) automatically functions as a dehumifier when

20  moisture in room air becomes dew upon contact with the chilled parts and
removed as water dripping out to the air conditioner's outdoor unit.
Nevertheless, dehumidifying process is often more important than the air

cocling process of air conditioning comfort as determined by the feel of ease of



renmoved as water dripping out to the air conditioner's outdoor unit.
Nevert hel ess, dehum difying process is often nore inportant than the
air cooling process of air conditioning confort as determ ned by the
feel of ease of -2- sweat being evaporated fromthe skin and which
is thus determned by relative hum dity<of the anbient air. [3]
Three main nmethods of renoving noisture fromthe air are (i) 5

conpression_and,aftercool i t hod, (ii) absorption t hod nd (Hi
confensat | AT ERBlS SSPrp FEmABRsutn pha MEh BAnGR kg o B relaths
conpression and aftercooling, is used typically in a conpressed air
systemin \MH”&'H“YHE"WP@%%H- air output is required to have reduced
noi sture to be used for e.g. automatic control instrunments or

cl eaning of delicate nmachined parts. However, 10 the power required
for such conpression systens is so high conpared to that of other
dehumi di f yijog3]neltireds nidiat nidtieods ngir eesiovings ysbdtares fiooh #e air are (i)
econom cal one unless it is for the aforesaid use or for clean roons.

[4] The §e%§}¢pr€§§ibﬁd,anh- %f_t_e%i‘iﬂi'h@t ir9EthBR! h@i‘?, aHSEDLSAT RethodRL A{d adiiﬁ)
15 such as silica gels, activated al um na and al um ni um bauxite.

Li quid sor tbggggvg%ﬁddpg%t@%ggmesfﬁﬂs& ISl 28 BEBG&WJ&%BV(Q) pregsion

l'ithiumbrom oride, organi'c S’ suc
et hyl ene, diethylene,. and triethylene glycols and glycol, derivatives.
Sor bent - a8t S CAPNGry Gr bR STRICEN B PLFOmRRAREAort R (pgunich he
mat eri al has absorbed noisture, it needs to be heated at 20 high
t enper at ur E&MRFesRDH A AUEPYIHS roguiead fonhave, easbiged dneistire da Hegesgd for e.g.
automatic control instruments or cleaning of delicate machined parts. However,
10 the power required for such compression systems is so high compared to that

of other dehumidifying methods that the compression system is not an

economical one unless it is for the aforesaid use or for clean rooms.

[004] The second method, i.e. adsorption method, uses sorbent materials
15 such as silica gels, activated alumina and aluminium bauxite. Liquid scrbents
include halogen salts such as lithium chloride, lithium brom‘ide, and calcium
chloride, and organic liquids such as ethylene, diethylene, and triethylene
glycols and glycol derivatives. Sorbent materials are hygroscopic to water
vapour and once the material has absorbed moisture, it needs to be heated at

20 high temperatures to evaporate the water into vapour and discharged.

[005] A typical absorption dehumidifier uses a wheel containing sorbent
materials which are cycled to absorb moisture from the room and heated to

discharge the water as vapour ouiside the room before being recycled back to



[5] A typical absorption dehum difier uses a wheel containing sorbent
materials which are cycled to absorb noisture fromthe room and

heated to di scharge the water as vapour outside the room before being
recycled back to -3- the room In additir:)on to high energy
consunption for heating the sorbent material, the adsorption

dehum di fi er undergoes constant enthal py (isenthal pic) process in
which, if t 1. di | Sy ' i &t ]

The i ncreasgﬁ?e OP H&ﬁ‘l’stlpe{liérﬂlﬁecﬁ.gg‘?gﬂg?Zélj\l;ﬁr{;?regﬁ{sgw{;@ﬂgﬁ)ar !E%ér}{dg[‘g{ee%ﬁ?&nt
i ncrease the t, erature.of the ail supply resulting i he,.|l ower, .
ef 11 crency BREHA. T Scsranon sk ales Uifetons Sonttapt erfbalnit fRsthaieio)
i.e. dehumdifying with condensation process is based on the

princi pl e oPr&®sadnsvien.viatha hyaidityrisiraduerd.AiF tamperagiew is therinareaged.
condensat e upon contact with a mediumthat is cooler than the dew

poi nt t enpeffatuineradset he thisr air Thmpeoatden skl ba plaliag reeparhtoungrepspdahe
outside the building. The nost common used nmediumis the cooling

coil, al 30 igpperadsrecvapBeatn’ sipply hesaltingC andhki RNETY efficidrP of HBe air
cool ing agent enployed in the nmediummay be a refrigerant and/or

chill ed wat \hen t Lgh humdity and 15 tenperature air flow

t hr ough theeég%lﬁpﬁ@gcégig}é?hMi ch have | ower tenperature than the dew

poi nt tenperature, the air will have | ower tenperature. The | ower

hum dity is a result of the condensation of water noisture in the

roomair which.is co]]ecte nd di scharged outside the roomor .
bui | di ng thtqglﬁh%pﬁéhﬁgf@?tﬂﬁap'e@ L@'F&)ﬂegwﬁ‘u@ﬂﬁﬁr&?ﬂ%rpr@%e%sHé based

nmost conmon one used in air conditioners. 20 [7] The condensation
dehuni di fi epnt gt piseiple of requiensinths@teheapowi tatthenair intcedew vy water
flow tenperature to close to water freezing point to achieve humdity
reducti df becadsmesate wpmwl donigyiwith Ehenagiumf thedv is ocdaderc tidre thd aegewoint
poi nt at 2C. The condensati on dehum difier is not effective for this
because of terfiperature of the air. The condensate is drained through pipe outside the
building. The most common used medium is the cooling coil, also known as
evaporator in the air conditioning system. The cooling agent employed in the
medium may be a refrigerant and/or chilled water. When the high humidity and
15 temperature air flow through the cooling coil which have lower temperature
than the dew point temperature, the air will have lower temperature. The lower
humidity is a result of the condensation of water moisture in the room air which
is collected and discharged outside the room or building through the water pipe.
This type of dehumidifier is the most common one used in air conditioners.
20
[007] The condensation dehumidifier that uses refrigerant has the limitation in
reducing air flow temperature to close to water freezing point to achieve

humidity reduction because it would require the air flow to be cooled to dew

point at 2°C. The condensation dehumidifier is not effective for this because of



the freezing problemas well as the difficulty in reaching
tenperatures bel ow 7C. Typi cal condensation type dehumdifier are
only capable of reaching 10CG 15C. 5 [008] Thus, to reduce the
hum dity by | owering the dew point tenpdﬁrature to bel ow 10C, an
engi neer will choose absorption dehum di'fi er over condensation
dehum difier. As the adsorption dehum difier works to adsorb the

humdity fr, al . hn th [ 'ti. ing. are I
means and thedeaclEhBretds fidh & R SPEBETERHG BAARERE R cretew
the limtation from 10 freezing because the humdity is in the sang
phase al | t/he-tilvPicalspadensaiials tyrs ehymidifiey %?s@ﬂ&r%ﬂ@@'%@éd@@@h@ﬁ
t he absorption dehum difier needs heat froma heat source such as

el ectric hegaeCng18w. water streamor heat fromgas, etc. Thus, the
adsorption dehumdifier is not only expensive but also requires high
energy consunption especially in the case that using electric heating
coil. 15 [009] In addition, when using the dehumdifier to control

the te r e an u inside.t ai,r . c I 11 oni
oom 11 08 THE, W€ bakCu® it by B iutd Bshbby A tefordflre o
t enper at ur n wherethe air |s overchill ed. Npreover, |
reheating Z’rﬁﬂ‘%ys Y fte @necPryiReRbavill oicnOOSe Qruen; ndﬁh‘ﬁﬂ@'f‘efo over
energy consunption. -5- SUMMARY OF DI SCLOSURE [10] It would be
desi rabl e tcondensarion dghumigifigry Aatthe lndsamijopolefiunidiiige wearks & adprdnhe
is close to the freezing point of the water, w thout using adsorption
humidity from the air in the air condEtioning area by hygroscopic means and
then discharge the humidity outside the building it avoids the limitation from
10 freezing because the humidity is in the same phase all the time. Nevertheless,
the humidity discharging process of the absorption dehumidifier needs heat
from a heat source such as electric heating coil water stream or heat from gas,
etc. Thus, the adsorption dehumidifier is not only expensive but also requires
high energy consumption especially in the case that using electric heating coil.
15
[009] In addition, when using the dehumidifier to control the temperature and
relative humidity inside the air conditioning room, it is required to reheat the air
to the room to the desired temperature in case where the air is overchilled.

Moreover, if the reheating employs the electric heat coil, it results in higher

20 energy consumption.



5 dehum di fyi ng nmethods, and without limtation fromthe freezing
problemis used. The condensation dehum difier according to our

i nvention endeavours to produce a supply of air which tenperature is
as low as 2C and to reuse the heat conventionally to be di scharged.
Therefore, our invention has higher effitiency than conventi onal
adsorption dehum difier and would be suitable for 10 conditioning
systens tha F@e%r_p @éL atures close to OC without freezing
pr obl em [Mi n novel aspect of the condensation
type dehum difier according to our invention which may be inpl enented
for the low price air 15 conditioner that is required to provide a

| ow tenperature range from 10C to 2C with energy conservation of

about 30 - HyWglcHnweyld heodesradate davmigibttbrsair abiheciew ppirddempgratyre,
dehumi difier that requires higher energy consunption and expensi ve.

20 [012] Anetidr isseset tofthé hfeeexing ottt 0O rihel ekaber divitheut asingr ddsgrption
our invention is to re-use the conpressor hot gas discharge fromthe

room as par HeRimRIIRAGY neGtRSES Y ahl ORitRGUIPRSRatbA Fith theefrBegfgf Soblem is
separate electric heating coil. To enable our condensation type

dehumi di fie[,cbQ "I"Fl\ésc%nhgﬂs%g@r{ défé&’r‘m&iﬁ??r &%Egﬁiﬁgng%m\%‘ﬁ%ﬁ%Insgﬁg%urissto

supply air tenperature as sired, a hot ga I"at ' n

used and controlled precisely to provide.the hum,dit traollin

Syst em wi t hPRHTICeCR FURPREL T TG AAMPSIIIS) i AGW 35nf & e Buisiserbe
tenperature _at the sape quantjty of air supplied conpare tg the )
adsor pti on Begtseayentgnally tof be]digghanged. i ere. seiplinvestien) kps\higher

at about OC or equal to OC that conposed of conpressor Condensi ng

Coi | Ref ri geffigitnogahian alonventienalradeogstinn deMamniifiemandwapidd desuitahlector
are simlar to other chillers. But this chiller is for cold water

di st ri bui onchditibhingnsyishemEahbt nge€aidw ipositdenAaratdaadlciowg OOMDIwithout
(AHU). According to this patent, there will be additional instrunent
that is thefbbsighareslenef ri gerant Gas Control Valves that are two
types: Turn on / "off and Ratio type to control the flow of the high
tenperature gas to hot gas reheat coil; that is installed in the Ar
Handling Unit (AHU). They are behind the Chilled Water Cooling Coi l

|0 e DT R A e i o ol RS RRAGH i gemumir
according to our invention which may be implemented for the low price air

15 conditioner that is required to provide a low temperature range from 10°C to

2°C with energy conservation of about 30 — 40% compare to conventional

systems, especially adsorption dehumidifier that requires higher energy

consumption and expensive.

20 [012] Another aspect of the condensation dehumidifier according to our
invention is to re-use the compressor hot gas discharge from the room as part
of energy conservation purpose without the need for separate electric heating
coil. To enable our condensation type dehumidifier to reuse the heat from the

compressor fo control the supply air temperature as desired, a hot gas



[14] Inside the Air Handling Unit (AHU), it is conposed of Air Filter
Set, Chilled Water Cooling Coil Set, Hot Gas Reheat Coil Set and
Supply Air Fan, which installed according to the direction of airflow
and constructed to be one 20 set inside the Air Handling Unit (AHU).
Chill ed Water Cooling Coil Set wll obt8n cold water fromthe
chiller via the pipe that contains at |east one punp. This punp is

df i h I h. ..
oo ool LB el i JREEP 8R! fonirclBh, BRHap' PR bty
Chill ed Water oI|n Coil and then fl ow back through the suction's
si de of th&ontreling syatefaidth Tl shicaencyne ASRYGH OHE)fSY%B1 BAhle §g jqwer the

receive the hot air at the exporting side whi ch connected by the
reagent' s pepeefatora ahéhexpora qugnilypel bisrsumpliedecorapare tohie edaemdbn
the flow of the hot air in the chiller. After the hot air flow

t hr ough t heleHamidiisr. Reheat Coil, it will flow back to the

hi gh-pressure side 5 with the reagent in front or behind the
Condensiqng Coi |l (depend on the design). [15] Inside the Air Handling
Unit (AHU), when the fan starts working, hot air and the humdity

Wil 7low t[tﬁ"(ﬁ“%%uf‘e‘f‘%hywﬁ?htsd@ihg%ﬁé‘ cfﬁ%'r aﬁ%BﬂHp@ it cﬁtﬂ*\'}\lﬁé O°C hat

respectivel The air w ol'er an ower e hum dr

pass throu h 10 illed Water I|n il h educt i

hum di ty u PH@P‘%SCB PREreARPEr CeBarIN el ﬁ&*fﬂ%ﬁﬂﬁﬁ?@ﬁ%} b/%'ve or
reducti on l'):}/ condensed nethod. It is fromthe property of the Cooling

Coi | whi ch FegstrnValedangteargrator el rat sighleatto haahilless .y Byt |T|F':'S
the cool air fromthe Cooling Coil have the | ow dew point. In case of
t he t enper &hillee iofortdodd evater distriution Wd} in Hee &ioolifg &oit ineideodiribandling
Coil 15 wll have a dew point at about 2C in which there is no

pr obl emoof Urie(Atee). fAddsrding o ahisGeatehdhéied Will K¢ taelditional Feaunaint fthatws

drains away of the Cooling Coil, it will inflowto the Hot Gas Coil.
the Discharge Refrigerant Gas Control Valves that are two types: Turn on / off
and Ratio type to control the flow of the high temperature gas to hot gas reheat
coil; that is installed in the Air Handling Unit (AHU). They are behind the Chilled

Water Cooling Coil in the appropriate quantity to warm up the air process of

15 temperature and humidity controlling in air conditioning room.

[014] Inside the Air Handling Unit (AHU), it is composed of Air Filter Set,
Chilled Water Cooling Coil Set, Hot Gas Reheat Coil Set and Supply Air Fan,
which installed according to the direction of airflow and constructed to be one
20 set inside the Air Handling Unit (AHU). Chilled Water Cooling Coil Set will
obtain cold water from the chiller via the pipe that contains at least one pump.
This pump is used for pump water in the evaporator. The water will pass
through ice cool water pipe and the valve that control water flow through the

Chilled Water Cooling Coil and then flow back through the suction’s side of the



[16] The Hot Gas Coil will function to warmng the air to be suited
for control 20 stable tenperature and relative humdity in the room
by controlling the quantity of the reagent, flow ng of the reagent
through Hot Gas Coil that will be Ieadln? to the instability of the
reagent pressure. Therefore, the stability of the reagent pressure is
stabilized by the adjustnent of the speed of the fan to be consi stent

-8- to the f]ow t e - I i 1ok t
sensor of tﬁé@r\é\%é%"npg%lbegggﬁe ga%hgwﬁs%gg@mp 'Iw %1 %Q'fbedzflgatfe(he
automatic pro m _[17] .This ca expressed that Hot S

Tnstal | ed hEXBORE0LSIEE Hift SaneSetaddn BBbIaaRENE DS o averborting Bipe
Handling Unit has received the heat fromhot air conpression fromthe

conpr essor PABINGehenalvehinet epntraiibe fow ddbedsit lirfin ke colleaAftaidhaihet air
warm for the precisely control of the roomtenperature and humdity

wi t hout t heflowdtrafghothkdtiotheas Raheat iolgit wils flow ek do she highspigseate side
Heater. This resulting in the air conditioning systemaccording to

thi s pat gnt withltRe tr@adéhtGe Hohobr bEREAE W&]d@hgln@%ﬁ{dé{)eh@ é?ﬁtHeergn)
than other air conditioner and humdity reducing instrunent and

ener gy conservation which can be used instead of Absorption Type
Dehum difier that is expensi ve and not conserved energy. 15 LIST OF

draw na(s) IRt s e bl UBLIRHGi e 5 6P Worblo, pptar

under st andi ng of our invention through a 20 detailed description
fol | ows. ThénﬁrﬂawhHQ'ﬁd'é)f ‘é’"'thPVb@VQHEEreéfﬁﬁ\baa%énﬁi@ﬁm? it ardigg 4nit (AHU)

exenplary illustration of specific or preferred enbodi nents of our
i nventi on, respsetiegly. The air will be cooler and lower the humidity when it pass through

10 Chilled Water Cooling Coil. The reduction of the humidity using the Chilled
Water Cooling Coil is the humidity reduction by condensed method. It is from
the property of the Cooling Coil which contain cold water distributed at about
0°C that result in the cool air from the Cooling Coil have the low dew point. in
case of the temperature of the cold water is 0°C, the air from the Cooling Coil

15 will have a dew point at about 2°C in which there is no problem of the ice
formation of Cooling Coil. After the cool airflow drains away of the Cooling Coil,

it will inflow to the Hot Gas Coil.

[016] The Hot Gas Coil will function to warming the air to be suited for control
20 stable temperature and relative humidity in the room by controlling the quantity
of the reagent, flowing of the reagent through Hot Gas Coil that will be leading
to the instability of the reagent pressure. Therefore, the stability of the reagent

pressure is stabilized by the adjustment of the speed of the fan to be consistent



-9- [019] FIGURE 1 illustrates in a schenmatic di agram showi ng the
flow of air inside the air conditioning systemthat use the cooling
coil with direct expansion (DX) coil for reheating usage type
according to our invention; 5 [020] FIGJRE 2 shows a hygronetric
graph useful for designing the air condﬁfioning system according to
the diagram shown in Figure 1; [021] FIGURE 3 depicts a table listing

sone technic information of the cooli cpil. of the ai

condi 11 oni 5 86 dBunET e-rgainty FiggRas herBisipgaliteh ffhe,seusor of the
anot her table listing sone technical information of the refrigerant
type reheat’PAGEEILEPHERLING expordsidects pNtes/iodeiv aromaligirsogram.

[23] FIGQURE 5 shows a schematic diagram of an air conditioning system
15 which uses the cooling coil and reheat coil, including a chiller;
[24] FIGURE 6 depicts a circuit diagramof the chiller and the

reheating ¢o17F] Chié cah beaxpeeddadnthat HooGakypsi] thamn ths24lldd02adt & kHaJBRiliéd
illustrates a circuit diagramshowi ng the cycle of the refrigerant in

CTO” er andyhRhCAfIMNtof fMHO A PENNRIGVEnf Has! febBREd RBSRIat §RInh hot air
compression from the compressor inside the chiller. The Hot Gas Coil function
as the air warm for the precisely control of the room temperature and humidity
without the need of other heat providing instruments such as Electric Heater.
This resulting in the air conditioning system according to this patent able to

10 control temperature and humidity to be lower than other air conditioner and
humidity reducing instrument and energy conservation which can be used

instead of Absorption Type Dehumidifier that is expensive and not conserved

energy.

15

LIST OF ACCOMPANYING DRAWINGS

[018] We would now refer to the following drawing(s) which accompanies this
specification to provide a befter understanding of our invention through a
20 detailed description that follows. The drawings are to be understood as non-
limiting and exemplary illustration of specific or preferred embodiments of our

invention, in which:



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENT [26] FIGURE 1 is a

di agram showing the flow of the air of an air conditioning systemin
whi ch tenperature and humdity |lower than that could be achieved by 5
conventional or normal air conditioner ig required. This air

condi tioning systemuses the techni que WAerein the condensati on of
the water vapour in the air to becone liquid and then discarded

t hrough the LS _rearranged to reuse the hea

rof ri gor ant (Gie %F‘f“’gi?ﬁﬁ B SpBesBoh SRRl ER e &f'ow of Sir
conponents cor risin stemare Air Handling Unit (i ) , 10 .
air quantiti{psée thaa §0'& '@é'ﬂgﬁgsgeém thatdtperihe cootiag geil Hin @,ecéﬁﬁpans‘on
filter 3, cooling coil 4, refrigerant type reheat coil 5 and air
supply fan @Xhtehfdruskeatngsusageplyp accotding fo ouribughtien;r supply pi pe
to the air conditioning area through air supply diffuser 8 into the
air conditioning room9. The air that is inside the room17 will then
be sucked back via ventilator 10 and flowed through the air pipe

return 15 1mandrisyetE W Ghohkeal H%@%@ne%hé ég:*a?ﬁ‘ Qu&fal G8r tRidHing cthaga:r
ng Uni

inthe air mxér 13 at the Ar 1 and then cycled
back to the r ur air
condi ti oni na&é&fg{;h:&#%&st’ém a\%nggr#h@% lﬁ%?@&%bﬁs@?&ﬂ@ﬁﬁegf her
condensation type dehum difying air conditioning 20 system for
controlling the humdity in many aspects but there are key

di fferences which enables it to su y the air at a nuch | ower dew
poi nt t enpel@1ir EIGHRE @héeprcé%l%éalélent!$tmg §PMendeghuniealt infymatign of the
according to this invention. Wth this achievenent, it is able to
dehumi di fy eodirgealoftthe direenpaditicning system ieafﬁigurreehtly than the others
air conditioners. [028] In our case, the dew point tenperature of
the air jgupply that we can achieve nay be as low as 2C. To enabl e the
tenperature of air supply to reach this low, the chiller [to be

described | gizen] FrOURE HG}M%’{Fa‘?e§‘éﬂbtl@“l@blbh?’stlﬁg"%n% té&rﬁcaﬁ%%‘?&%ﬁ@n of

it is supplied’to the cooling coil to give It dew poi nt

et ) Ao S SRl SR oSO B

installed with the reheat c0|I 5 at the sane tine for the reduction
of the heat load in the room This reheat coil 5 receives heat from

the hot gas flow.n throug'? the pipe from
[023] FIGURE 5 shows a schematic diagram of an air conditioning system

15 which uses the cooling coil and reheat coil, including a chiller;

[024] FIGURE 6 depicis a circuit diagram of the chiller and the reheating coil

control valve turn off/on type; and

20 [025] FIGURE 7 illustrates a circuit diagram showing the cycle of the

refrigerant in chiller and refrigerant controlling valve for linear reheat coil.



10 the conpressor [to be described later]. This is reusable waste
energy which may be separately harnessed fromthe chiller apart from
cooling water. Thus, cooling coil, choice of reheat coil and system
designing are inportant techniques in designing the present high
efficiency air conditioning system 15-{#29] Supposing that the air
conditioner according to FIG 1 is to control the room 17 tenperature

t 18C with | Nl R 9 | | t t
2000 ons e LAED EEsRIIR OF PEELERReS EubCRIRIENT ' PE 1 Tl ng

12 to the air in the air conditioning roomis 10:90. The air
tenperature and humdity in the air conditioning process according to
FIG 1 and the design 20 based on the hygronetric graph in FI GURE 2,
at the poi n026ff FAGURMtlake diegrarowheinitey theefldwidf diengir ki aat aig 6anditidning
relative humdity 60% RH. I n other words, the supplied air is m xed

wi th the aigysteh igwilch BRtberd@ye Bhamuhiigity Rorerifan fiedt doasl bdechieved by
tenperature of 18Cand 35% RH at a ratio of 10:90 wth the adjustnent

of the f4 O‘c’s'folﬁ%ﬁfio%éiiorr HOHRAl bineoMafioher iIHRRfiieY ThIC (BRdRBhHIIS stéth

t he adm xe
uses the technique wherein the condensation of the water vapour in the air to

become liquid and then discarded through the waste water pipe is rearranged
to reuse the heat from the refrigerant pipe from the compressor of the chiller.
The major components comprising the system are Air Handling Unit (AHU) 1,
10 air quantity or intake adjusting set from the outside air 2, air filter 3, cooling coil
4, refrigerant type reheat coil 5 and air supply fan 6 which functions to blow
cool air through air supply pipe to the air conditioning area through air supply
diffuser 8 into the air conditioning room 9. The air that is inside the room 17 will
then be sucked back via ventilator 10 and flowed through the air pipe return 11
15 and mixed with the intake air from outside the building in the air mixer 13 at the

Air Handling Unit (AHU) 1 and then cycled back to the air filter 3.

[027] The schematic diagram of our air conditioning system, as shown in
Figure 1, is similar to other condensation type dehumidifying air conditioning
20 system for controlling the humidity in many aspects but there are key
differences which enables it to supply the air at a much lower dew point
temperature with the precise control of the reheat coil 5 according to this
invention. With this achievement, it is able to dehumidify and lower the

temperature more efficiently than the others air conditioners.



-12- ratio of air in chanbers 13 and 14 will have the tenperature at
19.8C DB (dry bulb)/12.8C WB (wet bulb) prior to passing through the
cooling coil 4, which forns the basis for choosing cooling coi
design. 5 [030] Wen the air flows throu?r the cooling coil 4 into
chanmber 15 at a rate of 2000 cnB, the air'fromthe cooling coil 4
must have the dew point tenperature at or |ower than the dew point
tenperature inside the room 17 fromthe hygronetrics. According to
FIG 2, the air inside room 17 at 18C /35% RH will have the dew poi nt

tenperature _equal to 2.3C and he m xture of air or the air t hat
flows throudédodni Ny G the Gave RRi e Pesaliing 0I4’fh§tain9@‘yD%}912N%@a”
WB wi |l have dew poi nt tenperature at 7.2C. This nmeans the cooling

coi | in thi ecbigye maytber@sdbweas @ CoollTodenablertbm teraeratire. d@idgupply to
poi nt tenperature and according to this characteristic of the cooling

coi | of therbygagssiaet the chiller fo hef desaribed lato] woglld dialve b Idoohdwen the
95% relative humdity. 15 [31] Therefore, we can sunmari ze the stage

of the aiy gfatbhe beéﬁcnﬁéf’@% '|t”isG§W§5h§6 té%é%cﬂlh& doﬂscb @{fé‘gtethfer@éﬂ/tﬂﬁnt
cooling coil as fol At the stage of the air is before

fl ow t hroug | r r ;20
Thermmter?ﬂﬁg%}w %(qu#]hégﬁoﬂgnﬁ‘t 5(?15@%83 B%lr%t?nt gontrol over the
0
hum di'ty43. ?e/r%geHra ure g%dnﬁu%%er’:ﬁé uarlre congtioner have to be installed with the
reheat coil 5 at the same time for the reduction of the heat load in the room.
This reheat coil 5 receives heat from the hot gas flowing through the pipe from
10 the compressor [to be described later]. This is reusable waste energy which
may be separately harmessed from the chiller apart from cooling water. Thus,

cooling coil, choice of reheat coil and system designing are important

techniques in designing the present high efficiency air conditioning system.

15 [029] Supposing that the air conditioner according to FIG. 1 is to control the
room 17 temperature at 18°C with the relative humidity (RH) at 35%, the air
supply rate at 2000 cm?® and the ratio between air mixture from outside the
building 12 to the air in the air conditioning room is 10:90. The air temperafure
and humidity in the air conditioning process according fo FIG. 1 and the design

20 based on the hygrometric graph in FIGURE 2, at the point of air intake from
outside the building 12 at 36°C and relative humidity 60% RH. In other words,
the supplied air is mixed with the air being drained away from the room 17 that
has the temperature of 18°Cand 35% RH at a ratio of 10:90 with the adjustment

of the flow back’s air quantity and air quantity from the outside. At the admixed



-13- Absolute hum dity6.32 g/ kg of dry air Enthal py35.9 kJ/ kg

[033] The air after draining away fromcooling coil at chanber 15
5-Dry Bulb Thernoneter3C DB Wet Bul b Thernoneter2.7 WB Rel ative
hum di t y95% RH Dew poi nt tenperature2.3C  Absolute hum dity4.49 g/ kg

of dry air

coil will

10

15

20

10Ent hal py29.5 kJ/ kg [ 34] The& heat process of the cooling

have the properties as shown below Air quantity2000 cnB

ratio of air in chambers 13 and 14 will have the temperature at 19.8°C DB (dry
bulb)/12.8°C WB (wet bulb) prior to passing through the coocling coil 4, which

forms the basis for choosing cooling coil design.

[030] When the air flows through the coocling coil 4 into chamber 15 at a rate of
2000 cm?, the air from the cooling coil 4 must have the dew point temperature
at or lower than the dew point temperature inside the room 17 from the
hygrometrics. According to FIG. 2, the air inside room 17 at 18°C / 35% RH wiill
have the dew point temperature equal to 2.3°C and the mixture of air or the air
that flows through cooling coil from chambers 13 and 14 at 12.8°C DB/12.8°C
WB will have dew point temperature at 7.2°C. This means the cooling coil in
this case must be able to cool down from 7.2°C to 2.3°C dew point temperature
and according to this characteristic of the cooling coil of the bypass factor, the

air from the cooling coil will have 95% relative humidity.

[031] Therefore, we can summarize the stage of the air at the beginning in

chamber 13 and the last stage from the cooling coil as follows:

[032] At the stage of the air is before flow through cooling coil from chamber

13
- Dry Bulb Thermometer 19.8°C DB
- Wet Bulb Thermometer 12.8°C WB
- Relative humidity 43.9% RH

- Dew point femperature 7.2°C



15Air inl19.8C DB/ 12.8C WB Air out3C DB/ 2.7C WB Hum dity reduction
quantity4.42 kg/ hr Total cooling quantityl4.47 kW Rel ative heat
reduction quantityll.40 kW20 [35] The air supply and processing as
descri bed above are necessary consideratjons for choosing cooling
coil design in the air conditioning to tofitrol humdity. This
information is based on the thernodynam c process of the air, which
is for controlling th uaptity. vol ume of the chilled,water flow,
- 14- tenperature of c%\bgP@éeMﬁ(ﬁ)'{W nt ake and out put I661 gl(g(gr%trd’wggtors
of the cooling coil. 36] FIGURE 3 |ists out the paranmeters of the
cooling coil as ChoseﬁgﬁW%HYthe 5 information above3§33%kkﬁulated
fromthe hygronetric diagramof FIG 2 and the summary of the air
process as described before. The chosen results are grouped into
three parts of the cooling coil, i.e. air flowrelated data, fluid

data and phy&33]alThdadinaftdadraningnaivagsendabalingveoibeinchdrhisef 16 | ow ng
specifications to the cooling coil manufacturer to fabricate the

cooling goil accordi ng; B MIThermometer 3°C DB
- Wet Bulb Thermometer 2.7°WB
- Relative humidity 95% RH
- Dew point temperature 2.3°C
- Absolute humidity 4.49 g/kg of dry air
10 - Enthalpy 29.5 kd/kg

[034] The heat process of the cooling coil will have the properties as shown

below:
- Air quantity 2000 cm3
15 - Airin 19.8°C DB /12.8°C WB
- Air out 3°CDB/2.7°CWB
- Humidity reduction quantity 4.42 kg/hr
- Total cooling quantity 14.47 kW
- Relative heat reduction quantity 11.40 KW

20
[035] The air supply and processing as described above are nhecessary
considerations for choosing cooling coil design in the air conditioning fo control
humidity. This information is based on the thermodynamic process of the air,

which is for controlling the quantity or volume of the chilled water flow,



10 design; size at 533 x 500 mm dianmeter of the copper pipe 12 mm

t he al um num type thickness 0.15mm fin density 10 fin/inches (FPI),
conprised in 6 rows of copper pipe. [37] If we use this particular
design of the cooling coil in our prototype that 15 has water supply
chilled at 0.5C, water flow out at 3.5C4md flow rate at 4.24 cnB/cm
the cooling coil 4 will have a pressure drop at 25.3 kPascaI

montton andvaeaagieof Raflb e’ Hiekdnd Bkl End kP RESE B fR.sonine

away fromthe cooling coil 4 will have sonme mnor changes fromthe
requi rementc®s shown here. 20 [38] The air flow out fromthe cooling
coil at chanber 15 has the follow ng properties: Dry Bulb
Thernoneter2. 7C DB Wet Bul b Thernoneter2.5C WB -15- Relative
hum di t y96. 8% RH Dew poi nt tenperature2.2C Absol ute hum dity4. 46
g/ kg of dry0asr FIGURE 3 lists out the parameters of the cooling coil as chosen from the
5 information above as calculated from the hygrometric diagram of FIG. 2 and the
summary of the air process as described before. The chosen results are
grouped into three parts of the cooling coil, i.e. air flow related data, fluid data
and physical data. Based on these data, we sent the following specifications to
the cooling coil manufacturer to fabricate the cooling coil according to our
10 design; size at 533 x 500 mm, diameter of the copper pipe 12 mm, the

aluminum type thickness 0.15mm, fin density 10 fin/inches (FPI}, comprised in

6 rows of copper pipe.

[037] If we use this particular design of the cooling coil in our prototype that
15 has water supply chilled at 0.5°C, water flow out at 3.5°C and flow rate at 4.24
cm®/cm, the cooling coil 4 will have a pressure drop at 25.3 kPascal. Moreover,
if the air in of the cooling coil has the property as mention above at the
chamber 13, it can be seen that the air drains away from the cooling coil 4 will
have some minor changes from the requirement as shown here.
20
[038] The air flow out from the cooling coil at chamber 15 has the following
properties:
- Dry Bulb Thermometer 2.7°C DB

- Wet Bulb Thermometer 2.5°CWB



Ent hal py13.9 kJ/kg 5 [39] This is the actual condition that drains
away fromthe cooling coil 4 as stated, and is proximtely near to
the requirenent value. However, it can be noticed that the cooling
coil 4 is able to supply cooling effect to reach the dew point
tenperature as | ow as 2.2C by using chit1%d water supply with
freezing 10 point as low as 0.5C and the chilled water tenperature at
3.5C. It can be furth oti,ced that the difference n the
water in and out is IE{%%}’VPHH'HH'Q#V condi tioni ng whi ?ﬁbfﬁ}é?ﬁn isto
give the very low different tenperature between water_in and out.
This technique is thelewpBeinhigMPY@HHEque t hat | owel §own the air
supply tenperature to be lower than air conditioner. The air at the
15 cooling coil have Abechighumidiper ature at 19. 8C BBIG ¢Rg®f By aird
the air flow speed at the surface of the cooling coil is 2.08 n's
whi ch is high enough Eethdiye heat transfer between qBid k&Rgwat er at
0.5C and 19.8C which will not create the freezing. Thus if the
chilled water supply tenperature is |lower than 0C, the systemrisks
freezing at the cooling coil which is the limtation of using 20

cool i ng. coi [0kt $Mlsnisbractus CRnaET Attty BTl dsblf can 4 s

2.2Cit will, flow through the rehea oil 5 that fu ctiq_r'ls to reheat

to keep theStRMm AT SIRMPYNARRE NEBR reQuippeRtuyRUS However fcalhie
hum dity 35RH at every | oading status. Thus the air flow ng through

t he reheat Beli¢edithat thewgeoling cobdpieraide te sHaplystaadingtefiseh i epachetheodew
be in the range of 2.7C DB to 18C DB in order to get the constant dew
poi nt t enpepaintitemperauCaatowles 2@°Gney abinghehibed wabgrpsypEy wath0beezing
cnB. The reheat 5 coil 5 in this prototype has been configured to use

FreonTmipef pbige=anbwRag J.sandnaiettdothifed wateptampueturef af BS°C. It can be
conpressor at the chiller selected by using condenser selection in

FI GURE 4. hﬂﬁ'lergrio@ceé tHS0HR diRErdMat Rweah thB&ldl8r HB8Rd Bt id'Rwer than

reheat coil usin
air conditioning which design is to give the very low different temperature

between water in and out. This technique is the important technique that lowers
down the air supply temperature to be lower than air conditioner. The air at the
15 cooling coil have the high temperature at 19.8°C DB / 12.8° WB and the air flow
speed at the surface of the cooling coil is 2.08 m/s which is high enough for the
heat transfer between chilled water at 0.5°C and 19.8°C which will not create
the freezing. Thus if the chilled water supply temperature is lower than 0°C, the
system risks freezing at the cooling coil which is the limitation of using

20 condensation dehumidifier.

[040] When the air flows out of the cooling coil into chamber 15 which have
the dew point temperature at 2.2°C it will flow through the reheat coil 5 that

functions to reheat to keep the room air 17 to have constant temperature at



10 FreonTmrefrigerant R22 at the saturated tenperature of the
refrigerant's condensation at 50C which has the sane vol une and
property as the cooling coil capacity, but which has only 2 rows.

This reheat coil will have the capacity to supply the heat at 11.8 kW
maki ng a 2000 cnB air flowing at 2.7C t&merature to increase to
19.4C which will be enough to supply the heat in 15 the air

Toc. ' [a2) Brerse BIHHET R alHiRvioRrin TREE" THS Lo et dioeas

| onwer dew point tenperature with the reheat coil accordl ng to this
i nvention. the rebegr ¢aewilahavg itsHamnaralyremdjusiegigl chamiar Halo bRen the

foll ow ng i nportant conmponents: 20 cooling coil 4, reheat coil 5, fan
6 and ot herangapuneit°S 43B dies dBFBeB@Boah ooreler |10 gdtlitheoopnstanhasw point
anot her conponent, which is a first tenperature sensor 18 for the

m xture of tanpetdatueankercla thedohurfecInte RN df 206erEeT The fratieat
the flow of air fromcooling coil 4 in chanber 15, dew point

tenper atr & @‘@Qﬁlsﬁ}af&{l})é R&s ﬁbéa?é F?édre'd?gﬂ%"érﬁ% n¥6 rﬁggetant Rg2 fr from

t enper at ur e, sensor sensing t alr

the air congdjtiqn ) in ndj n
on_ the needd® SO REs SRR BaRiRk SO eliint 3By e tEEBLLERg
functions as I|er of water flow ng through the 5
chilled vvatCé’Pg@U%‘? Sfie‘%ttﬁ’”t'ﬂ?'éuﬁéjﬁg coil 4 at the appropriate
tenperature for the cooling coil 4 wth chilled water punp 23. The
quantity of the water conducted will be nore or | ess according to the
tenperature and humdity reading of the sensor 21 in the air

condi ti oned04tomRIG7.4 Ehewsotha dleatigt exil \bieirlg aisednas i thal feheahemil asitdg
control the chilled water flow by adjusting the speed of the chilled

10 wat efp pireos 8! Qéfr@éﬁéﬁtoﬁzzn@ttm chilrbRd WErhpErataley @f 2the T@ﬁgerants
chiller 25 also handles return duct 24 which is connected to the

reheat coil, t NREbn h
control syspgﬁtbﬁ?t&rcﬂ‘e%toén rée rﬁ@??ﬁ%@%@tﬁ@gl vesbf(g%{lr\(déytﬁe %;Soilng
[044] The ait in the air c itiaoni room 17 ked, back to
2 return acP!EERECE %é{ﬂt%ﬁa?mx Qe bRnalrsaeteshgSTuil iy iy Gapacty
t hr ough the M xed Al
to supply the heat at 11.8 kW making a 2000 cm?® air flowing at 2.7°C
temperature to increase to 19.4°C which will be enough to supply the heat in

15 the air conditioning that requires air supply of temperature not more than 18°C.

[042] FIGURE 5 shows the dehumidifier that can supply air at the lower dew
point temperature with the reheat coil according to this invention. It comprises
an Air Handling unit (AHU) 1 that has the following important components:
20 cooling coil 4, reheat coil 5, fan 6 and other components as described before.
In addition, it has another component, which is a first temperature sensor 18 for
the mixture of air in chamber 13 and a second temperature sensor 19 for the
flow of air from cooling coil 4 in chamber 15, dew point temperature sensor 20

for the air supply in chamber 16 and temperature, and humidity sensor 21 for



Chanber 13 to the air filter 3 and then to the chilled water coil to
decrease the tenperature and humdity in the air which will becone
cool air in chanber 15 as sensed by the dry bulb thernoneter as the

| ow dew point tenperature 20 before flowng through the reheat coil 5
to supply the appropriated anount of heat’*to the air to warmit while
the dew point tenperature is maintained at constant in chanber 16.

The heat generat.i of e heatin oil js coptrolled by the st e
(hat Tunct: Sraehy et Rgheme cifinpepofRd e Settaanatieralod
in the air conditjoni n% area fromthe sensor 12 with the tenperature
set by the depgodipgan thenesdsafitbp autareaticerdrollRg sYSiedvi de data for
the control systemto control the hot gas valve 26 and 27 to turn on
and off accordingly to warmthe air alternately in order to nodul ate
the tenperature in the air conditioning roomto keep to the user-set

t enper at ur e (@B NChillBri 35 donstionst as entumblistystt emlied Waten#blving thrbagh the
required humdity attained in the air conditioning room

5 chilled water duct 22 to the cooling coil 4 at the appropriate temperature for the

cooling coil 4 with chilled water pump 23. The quantity of the water conducted

will be more or less according to the temperature and humidity reading of the

sensor 21 in the air conditioned room 17. The control system will automatically

check and control the chilled water flow by adjusting the speed of the chilled

10 water pump 28 or conirolling the chilled water valve 27. The chiller 25 also

handles return duct 24 which is connected to the reheat coil 5 in order to supply

the heat to the heat coil by the control system which controls the refrigerant

valves 26 and 27.

15 [044] The air in the air conditioning room 17 will be sucked back to a return air
duct 11 when the fan is tumed on. The air will flow through the Mixed Air
Chamber 13 to the air filter 3 and then to the chilled water coil to decrease the
temperature and humidity in the air which will become cool air in chamber 15
as sensed by the dry bulb thermometer as the low dew point temperature

20  before flowing through the reheat coil 5 to supply the appropriated amount of
heat to the air to warm it while the dew point temperature is maintained at
constant in chamber 16. The heat generation of the heating coil is controlled by
the system that functions by comparing the reading of the dry bulb thermometer

in the air conditioning area from the sensor 12 with the temperature set by the



[045] FIGURE 6 is showing the cycle of the refrigerant in the chiller
i ncl udi ng the condenser hot gas valve for the reheat coil. This cycle
i nvol ves conpressor 100 which functions to suck the | ow pressure air
flow fromthe sucking duct 140 10 and converting it to be high
pressure hot gas which is sent to the chirdenser 200 to condensate it
into liquid before sending it to the refrigerant control valve 300

and injecting it into t evaporator 400 to cool the chilled ter at
the roqu r it dheTaeRos BoF priie (LT dhe karvPhsvaRm W Fog
sucked back to the conpressor 51. The conponents of the water cooler

as descri bdbedid B valyect apdnpbriedvs oRaanG ol aserifinghuéeavarm thee air

conventional chiller, but our chiller will have two of the condenser
r ef ri ger antaleatately in.cedevtl medR@tartihe tethpera2dre(ishbersii cordit®niby réam to
the reheat coil. These two valves will control the refrigerant flow

by electri Q@bﬁqgmhé ObeRBSNENIIAEIrs pbRNOT s edhbtat cbMeolanpiPRiiRbRable
tinme to let the refrigerant flow through the condenser duct. H gh 20

t enper atqr en& ed 4 i - i Oe,'ﬂcpq ' | ve 27 to the
condensegrJ gas d%c;%%g%’x a@g&@g@i&g@gﬁggk@oﬂm atI ﬁ)edlrﬁ& r Handling Unit
(AHU) to reheat the air conditioning system Then, the refrigerant

wll flow back to the return refrigerant duct 100 to the check val ve

110 and fl hr ndenser, of the chiller. . -19- [46] ,The reheat
coi | funct ﬁ@l thg?‘E:ré Sié ing thenCyHE (Bc&haéﬁéf&er%'?}i n tﬁﬁicéwréﬁéﬁ'%g’”g
the air conditioning systemto discharge the heat and reduce the

el ectri ci t jheaisenggnaaidict gageatdus for Bug rehiead @il ai Aisgiyclgainvelyss chmprassar
result in the 5 refrigerant pressure beconmng too lowin both the
condenser dfi@ whiehfefatiogeriarsuck nhakeyv pretsuvd airtflow froml thadsucking drert a4
systemto becone unstable and may even result in conpressor seizure

i f freeg) nr@icésthv@rtinduSto hd@idhpldslrdst gdauehieh GoRehekd ehe lcBndenser
control the refrigerant pressure so that it is not too low This is

achi evabl e tb'lﬁr@%h%&% Eﬁirﬁ@rﬁaﬁfd BJfBBé Qén&iﬂgéft%”tﬂ@'}éﬁf%err&ﬁtr é&ﬁfo@@%ﬁg

pressure 10 for sending the data to the cont systemto control
o el 2Rk a SUHIRE S, 30 7RI AR M.t e
\élhﬁ Yglr Vﬁaig%ﬁpg%g@pgéﬂ@ h’ Heav%cgog'ilzgg ‘stream, g? \I{\Q‘ri{qgraﬁt %ﬁ?%e@uc}kgg back
to the compressor 51. The components of the water cooler as described are
15 typical components that are usually used in the conventional chiller, but our
chifler will have two of the condenser refrigerant valves i.e. valve 26 and valve
27 (shown in FIG. 5) for the reheat coil. These two valves will control the
refrigerant flow by electrical control means using solenoid coil at the
appropriate time to let the refrigerant flow through the condenser duct. High
20 temperature refrigerant flows through the solenoid valve 27 to the condenser
gas duct 90 and to the reheat coil at the Air Handling Unit (AHU} fo reheat the
air conditioning system. Then, the refrigerant will flow back to the return

refrigerant duct 100 to the check valve 110 and flow through condenser of the

chiller.



15 sol enoid valve 70 and hot gas bypass valve 80 to send the

condenser hot gas to bypass the condenser to evaporator 40 in order

to reduce conpressor workload at the tinme the heat |oad of the
evaporator is lower. This is to control the tenperature of the
chilled water supply so as not to be too%ow The bypass valve will
make the control systemto be nore precise. 20 [48] FIG 7 shows the
cycle of another chiller enbodinent that is simlar to the chiller in
FIG 6. Despite it uses linear hot gas valve or nodul ating type val ve
by using a 3-way_nodul ating val ve 280 whi ch can adjust the o
refri gerant [G4@wThe reheaher! fastipandatrclease heat Hometha eomderssiiodtwdreh
to the requirenents of -20- the heat load in the room The

refri ger ant helpst tHeé ais caoutditioning tdystedn wiay disuihakge ithg hebivend Iréduce the
di scharge the refrigerant in two ways. In the first way, the

refrigerant gldcticithy! @ brRe@BnEBRs@XBut thckriBh SiudtResapRIGMSIRAIGRIthe
200, while in the other way, the refrigerant wll flow out to the

exit ductz 100 i i i
The. di Sohar e IRFTT Hiraskfe BetbhiitPie8Ighih St i et 8N dhe Felippran
flowto the, return duct 110 as Liguid and flowjin to mx w.th the
refrigerant "ER SR SLNVY 3%‘?14 tr%ﬁ'g% eRSTHY CoPECATS: H%St?p@uﬁﬂd may
refrigerant flow direction 120 before flow ng through_the refrigerant
control val Q¥eBGESHIRD é:Oﬂ@j?l’pﬁ_SO!‘lgeng@}f freezifg| QFMES- oD ulbe 6h'ﬁe" must
person having ordinary skill in the art that many of the aforesaid
conponent s, hpwe Bconirojenicesmdt| fag rafdgemseal pressuce se divaitit isnadoniiav This
equi val ents which are not to be regarded as departures fromthe
general pri gcagliegalné bylinsdimdea satison1 7@ fiomihei dordepsenverigeemi pressure
15 exanpl e, while FreonTm have been used in many of our prototypes or

trial unpt sfoMdeidiy thePtigiaRABleScAHitrdll dysePRdb lofftbNheS¥P rEfSBse BN A \Re
found that, in makihg the necessary nodifications thereto in

f
accordance wh AL Qi doﬂvﬁﬁ 58 ﬁi’ﬁ%lhttaw gﬁlz,gc{;r%éo?éé’?%ﬁig@%ftepr%@ure and

refrigerant w anttfreeze l1quid suc S g or g _
Such modi 11 SADHGRANS SAFBRITE Y SRV ERESCHE o be consi der ed as
falling within the letter and scope of the follow ng clains.
[047] In addition, as shown in FIGURE 7, the chiller may be instalied with
15 solenoid valve 70 and hot gas bypass valve 80 to send the condenser hot gas
to bypass the condenser to evaporator 40 in order to reduce compressor
workload at the time the heat load of the evaporator is lower. This is to control
the temperature of the chilled water supply so as not to be oo low. The bypass
valve will make the control system to be more precise.
20
[048] FIG. 7 shows the cycle of another chiller embodiment that is similar to
the chiller in FIG 6. Despite it uses linear hot gas valve or modulating type
valve by using a 3-way modulating valve 280 which can adjust the refrigerant

flow to the hot gas reheat coil in order to be consistent to the requirements of



-21- CLAIMS W claim 5 1. Condensation Type Dehumidifier in an Air
Handling Unit (AHU) of an air conditioning system capabl e of
supplying air at dew point conprising a chilled water cooling coil

(4) which obtains chilled water froma chiller (25) and a hot gas
reheat coil set (5) that obtains the hedd- froma discharge
refrigerant gas duct of a conpressor with a di scharge hot gas vol une
control valve for 10 controlling the hot gas by using sol enoid val ves

(26) and (37§ hepitlogdeinothe repfi. v Hng derigierant il tniRif RYtngoraie S-way
(280) characterized in that the chiller, which conpressor (1f), a heat
coil (2), anedfalingvalne vabaiscbargathergfdysraahh tro wagpondherfirgiayay, the
operating to cool the water down to closely to the dew point and
refrigerant will flow through the exit duct 90 to the condensing coil 200, while in
the other way, the refrigerant will flow out to the exit duct 100 in order to
5 discharge into the hot gas reheat coil. The discharge refrigerant gas released
from the hot gas reheat will flow to the return duct 110 as liquid and flow in to
mix with the refrigerant that flows out from the condensing coil at the liquid
refrigerant flow direction 120 before flowing through the refrigerant control valve
300 there forth.
10
[049] [t would be cbvious to a person having ordinary skill in the art that many
of the aforesaid components, parts or processes may be modified or
substituted with equivalents which are not to be regarded as departures from
the general principles of our condensation dehumidifying invention. For
15 example, while Freon™ have been used in many of our prototypes or trial units
which are old models of air conditiocning systems, we have found that, in
making the necessary modifications thereto in accordance with our invention,
substituting this undesirable CFC refrigerant with antifreeze liquid such as
glycol or glycol derivatives have produced similar or better results. Accordingly,

20 such modifications, variations or equivalents are to be considered as falling

within the letter and scope of the following claims.



to supply said chilled water (23) to a chilled water cooling coil by

punpi ng sa

id 15 chilled water (23) to said evaporator through a

chilled water duct (22) and chilled water cooling coil (4) to

dehum di fy

probl ens at the cooling coil wherein the

air at dew point tenperature gof 2C without any freezing

Tehill ed wat er tenperature

and humdity are regulated with a roomin accordance to wherein said

chiller co
fl owi ng 20
of flow ng
by high en
the chille

”gLiAﬁﬁfé a control valve that controls volune of a hot gas
hrough, wherein said gas flow including the steps

through the refrigerant duct and to a hot gas reheat coil
d pressure of the conpressor flow ng back to a condenser in
r to turn into liquid and then flowng to a pressure

regul at or t M¥e el@iMer whereby the heat fromthe hot gas flow ng

t hrough th

5

10

15

20

e conpressor in the chiller is recovered to be used to

1. Condensation Type Dehumidifier in an Air Handling Unit (AHU) of an air
conditioning system capable of supplying air at dew point comprising a chilled
- water cooling coil (4) which obtains chilled water from a chiller (25) and a hot
gas reheat coil set (5) that obtains the heat from a discharge refrigerant gas
duct of a compressor with a discharge hot gas volume control valve for
controlling the hot gas by using solenoid valves (26) and (27) that are on / off
valves or 3-way modulating valve (280) characterized in that the chiller, which
compressor (1), a heat coil (2}, a refrigerant control valve (3), and an
evaporator (4), operating to cool the water down to closely to the dew point and
to supply said chilled water (23) to a chilled water cooling coil by pumping said
chilled water (23} to said evaporator through a chilled water duct (22) and
_chilled water cooling coil (4) to dehumidify air at dew point temperature of 2°C
without any freezing problems at the cooling coil wherein the chilled water
temperature and humidity are regulated with a room in accordance ;co wherein
said chiller comprised a control valve that controls volume of a hot gas flowing
there through, wherein said gas flow including the steps of flowing through the
refrigerant duct and to a hot gas reheat coil by high end pressure of the

compressor flowing back to a condenser in the chiller to turn into liquid and

- then flowing to a pressure regulator thereafter whereby the heat from the hot

gas flowing through the compressor in the chiller is recovered to be used to



-22- accurately control the tenperature and humdity by a control
system enpl oyi ng a m croprocessor systemto automatically operate the
af oresai d conponents. 2. A condensation type dehumdifier according to
Claim1 wherein the air 5 handling unit_ (AHU) includes two chilled
wat er cooling coils set put in ordering2 "0 the direction of the air
flowin order to dehum dify terrperature and hum dity wherein in the

event of high rI oa heat an int t erature at | ow | evel
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second chilled water cooling coil and continue to | ower the dew point

to 2.0C together with the hot gas refrigerant reheat coil in
controlling the stabilization of tenperature and humdity in room
2. A condensation type dehumidifier according to Claim 1 wherein the air

5 handling unit (AHU) includes two chilled water cooling coils set put in ordering
to the direction of the air flow in order to dehumidify temperature and humidity
wherein in the event of high overloaded heat an dew point temperature at a low
level is required the first set of chilled water cooling coil operates to dehumidify
humidity and air temperature down fo said dew point temperature at

10 approximately 8.0 ~ 14.0°C before supplying into a second chilled water
cooling coil and continue to lower the dew point to 2.0°C together with the hot
gas refrigerant reheat coil in controlling the stabilization of temperature and

humidity in room.



