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CA

OA = Qutdoor Air

CA = Conditioned outdoor Air ‘ﬁ‘

RA = Recirculated Air
EA = Exhaust Air
SA = Supply Air

3‘1] 1.1 Conditioned Outdoor Air Supplied Directly to Each Zone (Local Units)

z—IDOAS

S

cA@

OA = Outdoor Air

CA = Conditioned outdoor Air
RA = Recirculated Air

EA = Exhaust Air

SA = Supply Air

o 2

gﬂ 1.2 Conditioned Outdoor Air Supplied Directly to Each Zone (Central AHU)
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2. 919TUdudugavotinoud o
(Conditioned Outdoor Air Supplied to
Intake of Local Units) a1ugy (1.3)
LL‘]_I‘LI‘iL@éa\‘i DOAS azadainieniauan (OA)
Wnlluusazie3asedoy (Local) laafiannie
mauaﬂazwauﬁummﬁmﬂuﬁﬂmmﬁuﬁ
USama ansaaaiaggiag (Local) azUSusnIn
omeBnasoudadslyiennd
JaideUsndaalFaauaznudiunsdin
FAandulunisfnseraan 3Iuf9a 08
oe9lsfan 10399 DOAS ddudasvinern
@aa@mmlﬁadqmmﬁmﬂuaﬂ (OA) VLﬂé’W":uﬁ

M ALALIANAANYDILATDI DOAS %Iavaen

a

DOAS

AHISITOUVDINAAN AZRINANTZNUAITHG U
Aeludias 089U uRlawA Active Chilled

Beam

3. 9ralUdusmnunpnavouninsSoslsuoniAdou
na (Conditioned Outdoor Air Supplied
to Intake of Central AHU) a1ugU (1.4)
wniimileufuuuuf 2 drefuResedag
DOAS azgsanmeanmenan (OA) w1 lulunaas
L3R 9UTUDINAEIUNAN S (Central AHU)
3%&‘&8341%@8azmﬂiuqmammiuﬁamzam

(Cleanrooms) %38 @971fBINITAILANAIIHAU

XA
VBINWUN

Local Unit

OA = Outdoor Air

CA = Conditioned outdoor Air
RA = Recirculated Air

EA = Exhaust Air

SA = Supply Air

31] 1.3 Conditioned Outdoor Air Supplied to Intake of Local Units

w oA
| DOAS

OA = Outdoor Air

CA = Conditioned outdoor Air
RA = Recirculated Air

EA = Exhaust Air

SA = Supply Air

;JEIJ 1.4 Conditioned Outdoor Air Supplied to Intake of Central AHU
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n1sooniuugUnsnius:nounisluinSoy
DOAS

1399 DOAS ansnsnaanuuilasiulsznoy
levainuans %ua%iﬁ’umwéjmmwamwiaz
Hudi Ima"mmzﬂauqﬂmtﬂmaazﬁ%wm%%a
VAU DU LALN

o WaaNAIUANY / AAaNA1UAA (Supply /
Exhaust fans)

o szuuLlsTusaUNDIARS (Variable Speed
Drives)

. qﬂmzﬁuamﬁﬁlﬂuwé’wm (Air-to-Air
Energy Recovery)

. aqﬂmmia@mm%mwm@ﬁ (Desiccant
Dehumidification Wheels)

. AoAdFuTILLUYN LazYNeN (DX Coll,
Chilled Water Cail)

« ARAasoU (Heating Coils etc, Hot Water,
Electric Heater)

. aqﬂﬂimil,ﬁmmm%u (Humidifiers)

o MUTVYINIWAN (Motorized Dampers)

o LWWNIBYBNE (Filters)

& v = A dJ al dl I

anngunseiiieun azflog e silodiaii
WI2LONVBI2UU DOAS LADRANAIIUYDILATDY
winszuy DOAS dimsgaanmenialunusanty
X Y o @ v a
Aaneuan (EA) adatdudaadnainianiauan
(OA) aaamsgyidaanaduniely dude
guUnIRUANIUAEUNR99IU (Air-to-Air Energy

Recovery)

gunsninaniyaguwasiau (Air-to-Air
Energy Recovery)

Asynaserunaunn g lud Wunszuam
sANNSounSa/uazAN N EUN TN 1 Hlna
izmwmmaamamLméiﬂﬁﬁaqmw‘igmazmm%u
A191 b ﬂizmumiﬁf’ﬁ’ma@ﬁunuéﬁmwé’wm
SNHIDLL 95NN DN MG

o Fixed Plate Heat

Membrane Plate Heat

Energy Wheel
Sensible Heat Wheel

Heat Pipe

Runaround Coil Loop

gaJ 1.5 gmmmme] maeqﬂmzﬁuamﬂﬁwwé’wm (Air-to-Air Energy Recovery)
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Fixed Plate Membrane Plate
Airflow arrangements Counterflow Counterflow
Cross-flow Cross-flow
Equipment size (CMH) 90 and up 90 and up
Typical sensible effectiveness (ms=m,) , % 50to 80 50to 75
Typical latent effectiveness, % 45t0 72
Total effectiveness, % 45t073
Face velocity, m/s 1to5 1to3
Pressure Drop, Pa 100 to 1000 100 to 500
EATR : Exhaust air transfer ratio, % Oto 2 Oto 5
OACF : Outdoor air correction factor 0.97 to 1.06 0.97 to 1.06
Temperature range, °C -60 to 800 -40to 50

Advantages No moving parts, No moving parts,
low pressure drop, low pressure drop,

easily cleaned Moisture transfer
Limitations Largesize at higher  Few suppliers, long-

flow rates term maintenance
unknown
Control methods Bypass Damper Bypass Damper

Compact design, low

Wheel Control Speed

Energy Wheel Sensible Heat Heat Pipe Runaround
Wheel Coil Loop
Counterflow Counterflow Counterflow
Parallel flow Parallel flow
90 to 125,000 and up 90 to 125,000 and up 180 and up 180 and up
50to 85 50 to 85 45 to 65 45 to 65
50to 85 0
50to 85
25t05 2to5 2to 4 15t03
100 to 300 100 to 300 150 to 500 150 to 500
0.5to 10 0.5to 10 Oto1l 0
0.99to 1.1 1to 1.2 0.99t01.01 1
-55 to 800 -55 to 800 -40 to 40 -40 to 500

Compact design, low
pressure drop, easily
cleaned

No moving, allowable
pressure differential
up to 15kPa

Separated SA
from EA

Moisture transfer,

pressure drop

Some EATR without Some EATR without Effectiveness limited Predicting
purge, Cross- purge, Cross- by pressure drop and performance
Contamination Contamination cost requires

Solenoid Valve Control Valve,

VFD Pump

Wheel Control Speed

AN9197 1 mmﬁﬂmﬁﬂuqﬁﬂitﬂ Air-to-Air Energy Recovery

=i

gﬁmtﬁﬁmmmﬁwﬁwmﬁg@Lamm
Asiern vl luszuy iainLszEnsam
AN nURILAS0s DOAS ldasedifen
UBNANNIAEIT IR AYTNADD IS DIV LT UNEN
(Chillers) wazvhenN3auRanaasdasSuann
9INFANNLUBNDIATT dﬂwalﬁa@émnm%ﬂmﬂlm
1323104 20% 119 30% (819893711 Harriman wag
Lstiburek 2009) I@ﬁmﬂ%qﬂﬂﬁzﬂﬁﬁﬁé’ﬂmmeﬁ
DEMA1UNINTTIN 11U ANS/ASHRAE/ASHRAE
90.1 (ASHRAE 2016b) wag International Green
Construction Code (ICC 2012) wA%1IN&1989019
®1319283 ASHRAE Handbook — HVAC systems
and Equipment Chapter :

Air-to-Air Recovery

Equipment anansaasdlaaiunisne 1
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EATR vs OACF

AnNANTIeA 1 azéfm,ﬂ@;jwzﬁméhl,l,mﬁm
auiwaaaqllﬂizﬂ Air-to-Air Energy Recovery )
EATR taz OACF

v |
I Al o

d! o A | | dyd 6 a
Teduaa L TtsgUnIntitdienmeaiilvg
WWNruszrInganane (lundazisanin OA,
= % Q‘U = % dldqj = 1
21med) Auanganiszaannay (lundiazisand
ET 30 RA, mm@lﬁﬂ) FIHITDLFAITIUINNNT
ié’é’agﬁﬁ 16
wnasiiurad EATR w100 0% Waeddn
VLsJﬁmmm%‘w%aawnmgﬂﬁﬂé’auﬂ&’ﬂﬂmw
DINFA  FUWNIFINTIHAFBALLI BN Zero
Cross-Contamination, #naaa3u OACF Ny
1 LLamdvaaJﬁmm@é‘m?amitﬁmmm@m%qw%
gjjalL%ﬁ%fﬂ%aaaﬂvl,ﬁmammﬂﬁﬂLaal Tunsdiang
Energy Wheel wag Sensible Heat Wheel 137132
a a v =\ QI/ ]
‘wmmu‘ﬁamammlwmmmamﬂ%maﬂaﬂ
annedvinlalaanisla Purge Sector anagui 1.7

Siuazvil# EATR = 0% waz OACF > 1
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31] 1.6 ;s‘iJLLammim@h EATR wag OACF

Supply Air

Ik

34 1.7 Purge Sector

Exhaust Air

Temperature efficiency) = (Tea = Toa) / (Tet — Toa) Sensible effectiveness = (Qoa/Qmin) * (Tea — Toa) / (Tet — Toa)
Humidity efficiency = (Xea = Xoa) / (Xet — Xoa) Latent effectiveness = (Qoa/Qmin) * (Xea = Xoa) / (Xet = Xoa)
Total (Enthalpy) efficiency = (Hea = Hoa) / (Het — Hog) Total (Enthalpy) effectiveness = (Qoa/Qmin) * (Hea = Hoa) / (Het — Hoa)

3u 1.8 Efficiency vs Effectiveness
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Us:@nsnawna:Us:answavovaunsni
naniJasuwaguau (Efficiency vs
Effectiveness)
= & dl % =

MsiRengUnIsiuaniURaungeuiay
Fndudsanilenetsz@ning (Effectiveness)
NINNI1UTEENTNIW (Efficiency) tw31230
15z@n3na(Effectiveness) aziia1aUInIman
PYDINIDINIFLTULAZDINIFS DUNIAIUIHRIAN
vo9gUnIaliug Feanmslugui 1.8

gj U v A ldl
PANEg ASIINABINITIHANITLANLUREY
% [ U t% dl A
Wmemmmwmauml%l%mnmg@Lm'ﬂimm
antdnitndagiulunialuwazuinwarnaly
wanuasunuandauaUsz@nsnin (Efficiency)
azlanaaanluaiy wazsululaanun qﬂﬂizﬁ
dl - gj (=1 = 1 1
LANLLURUUNAIITUITW NG AINLNILE LI b
v A = A

A1N15000NkULIARANNLTUN LA NLU R
LANNZENAUAINNI AUV

luummmﬁmazﬂdnﬁﬂaq‘ﬂﬂﬁaiu,aﬂma‘am,
Wa991% (Air-to-Air Energy Recovery) Wy
Energy Recovery Wheel a2 Fixed Plate Heat

] g dl | gj % d‘yﬁ’ % dla

WIS LD9ANNINTI 2 AT AN T HLD NN
Jsznaunuszusy DOAS Sﬂﬁﬂﬁmh@iamﬁamu

SL%LNI‘U‘JZQ‘W%JWW, 311 LL@gﬂ’]iﬂ’]Eﬂ%ﬂﬂﬂ

Energy Recovery Wheel
JedauanuasuanuEaulsenandessnd
”ﬂ5ﬁmﬁﬂamaﬁaﬁmﬁﬁumm%au G'filﬁazmg‘u
19 331319 12 25 RPM (funsuaniasuas
Fufuanfoudeiuuasin Inafinszuaanio 2
azdnednanearAsersnanlumens Ui i
mmzﬁmé’awgummLﬁngﬂﬁﬂi’umﬂm:mau
Iméwﬁlwaamimdqw,t,azﬂa'aagjmmammﬁ
au%auluﬁﬂﬁéwﬁwmmwgu FoTNE 991U

anuiaungydsluannssuaanazgnanalanly
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%

il’ma@;me%ﬂﬁﬁuazmﬂﬁumﬁa@me%ﬂsﬂ‘ﬂé’q
NIULEB1INPLEY

LHNSNT NS NELNAITNS aueaLd U
pzgiliflan wanadn wiaiduloduasid
m%la@LLaﬂLﬂﬁlau@’;m%au%gué”muaL@@%VLWWW
PNALENUAL T UL A D UG ITE I HeLAS
fnazgnaluaNA AN IduIDT e S
Lﬁlaiﬁmuqmqmwgﬁmm@‘ﬁ'iwaaaﬂié’ﬁﬁu
wnlsidpensnsuaniUasuanadon a1x1sn

mq@mmaﬂéﬁﬁwm

31 1.9 Energy Recovery Wheel

Energy Recovery Wheel gxnauisaante
2 odia fp

1. Sensible Heat Wheel

2. Total Energy Wheel

Sensible Heat Wheel azmmmuamﬂﬁ'ﬂu
annFauldiants “anudauduia’ Wi
ﬂénﬁaﬁmzﬁmmqmwQﬁMﬂfu laifinnsanewm

ANMHTY LAZHUHDMFLNAREALUN

TursanFeuldvintisaanearingng
(Dew Point) 28462a:850uLa9 OA
u,a@mmugﬁvl,éﬁéﬁ’ﬁgﬂ 1.10

RA > EA

31] 1.10 Sensible Heat Wheel
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Total Energy Wheel ATFENHTOBANLURYY
ANHNTAULANI “@NNTOUTHAE" AT “AINNTOULN
(Latent Heat)” natAaduazinamammniiug:

dqj 4! U U/ a)l YV
ANNTUTINULAZIU UEAIUNUNT AT 1.11
lagaziinisiedauansgaannauludiuning
SeRensonan Goldun Silica Gel, Molecular
Sieve 3 A %38 @7 Zeolite duq LHUAL 119059

= v dqj v dl v U
fu13058n waskuuilavatate lawn

e Thermal Wheel

e Enthalpy Wheel

e Sorption Wheel

» Total Energy Wheel

o Heat Recovery Wheel

» Rotary Heat Exchanger

OA

%ﬂ\

;51] 1.11 Total Heat Wheel

SA

RA

Fixed Plate Heat

Tufittaznanafedafiiliu Sensible Fixed Plate
Heat 173 (1W3123193 Membrance Plate
é’ﬁLﬂuﬁuﬁﬂﬁgﬂwamﬁawaz%aﬂ Patent 8n@ae)
ﬂm&’ﬂwmzﬁmwmm’%‘lammmﬂﬁmmm%au
LUDWAY A8 N9 LHWAITRNEINANT a%
%mﬂe]l,wiummﬁL%‘mf'fulﬁﬁiwzﬁwaimmﬁ
Wil nsruaasfunazantouisInarusosing
senaurnludnwofaduiugas s ugas 5&@;‘*71'
WM TLHUTLE LA Aluminum, Stainless 1Tud
Shansnsouanasuansdouldians ‘anutas
Fuda Wi wilau Sensible Heat Wheel
UszAninmenaazy Wheel Wil wdfididedde

TaiAansUuwilauszrnineanyia 2 J9

;sﬂ 1.12 Fixed Plate Heat

Fixed Plate Heat snd audsaantein
2 a9ia @
1. Cross Flow

2. Counter Flow
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Conclusion: Which technology?

Anndunazt@EuladIng 2 adie wasna
Lﬁaﬂ%ﬁ@%uﬁlamﬁLLazmm:auﬁq@ laead
WANHAAT I
1. flmsfeaiEesanasn (L) anUwilaundy
and(Saw) wiald? a1la @en Fixed Plate Heat
A288719LALN

a. ﬁa@ﬁi@ia%@miﬁ Return Air naux1 AHU

b. aN’an Fume Hood

c. adaanan Isolation Room, AlIR room

d. anfidmsundlanansi, a3zime
2. dasnsdszaninngegalasldlineania
dnnlag FaunsUwd euwuy 100% Lden
Energy Recovery Wheel
3. danuitnutias

Q1: ¥nkE Energy Recovery Wheel N
waniasy Teaenasifuaindosning, axdl
nananFasid i luananiels?

A1 @wu13ald Energy Recovery Wheel
1lauuuiaaauas Molecular Sieve 3 A lawsnz
Jnaunse VOC gas Adazldanansnnzgriuans
Predoululy

Q2 : Energy Recovery Wheel Nu Desiccant
Wheel §n9nuh3atiilnuni

A2 W9 2 ghdnefulaudwdeiie Physical
ALNITUIUNTT Psychrometric Process é'fﬂg‘ﬂ

1.13

Air-to-Air Rotor Wheel Desiccant Wheel

Substrate Material Aluminum Glass fiber paper
Substrate Thickness (microns)(est.) 15 75
Substrate Conductivity (W/m*k) 237 0
Desiccant Material 3 A Molecular Sieve Molecular Sieve
Silica Gel Silica Gel
Silica gel blended with zeolites
Thick (mi )(est.) 25 65
Desiccant Conductivity (W/m*k) 0 0
0A Regen
31 1.13 . e
SA
RA/ Pfooess\n
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Q31 WIMITIHUAANHENNIIVDY Energy
Recovery Wheel lag@le a:a‘ﬁq@

A3: @19l seanswa(Effectiveness)
N1NNI1UTE®@NTNIN(Efficiency) w3123
1528 Bna(Effectiveness) aziito1a1dInimas
209991 PLIURAZDINAE D UN G DAV AN

& v
maﬂqﬂmmum "8

References

(1) ASHRAE DESIGN GUIDE for Dedicated
QOutdoor Air Systems, RP-1712

(2) Heatex Model E Technical Specification,
2021-08-23 Version 16

(3) Calculating Dew-Point Design for DOAS ;
ASHRAE JOURNAL DECEMBER 2015, by
H.W. HOLDER, MICHAEL LARRANAGA,
PH.D, PE., PATRICK SMITH, EDGAR A.
STACY Ill, MIKE KRISMER

(4) ASHRAE Humidity Control Design Guide ;
Chapter 11 Estimating Dehumidifier
Loads, by Lew Harriman, Geoff Brundrett,

Reinhold Kittler



	Untitled-1-01
	Untitled-1-04
	26AshraeบทความP1-30_Page_01
	26AshraeบทความP1-30_Page_02
	26AshraeบทความP1-30_Page_03
	26AshraeบทความP1-30_Page_04
	26AshraeบทความP1-30_Page_05
	26AshraeบทความP1-30_Page_06
	26AshraeบทความP1-30_Page_07
	26AshraeบทความP1-30_Page_08
	26AshraeบทความP1-30_Page_09
	26AshraeบทความP1-30_Page_10
	26AshraeบทความP1-30_Page_11
	26AshraeบทความP1-30_Page_12
	26AshraeบทความP1-30_Page_13
	26AshraeบทความP1-30_Page_14
	26AshraeบทความP1-30_Page_15
	26AshraeบทความP1-30_Page_16
	26AshraeบทความP1-30_Page_17
	26AshraeบทความP1-30_Page_18
	26AshraeบทความP1-30_Page_19
	26AshraeบทความP1-30_Page_20
	26AshraeบทความP1-30_Page_21
	26AshraeบทความP1-30_Page_22
	26AshraeบทความP1-30_Page_23
	26AshraeบทความP1-30_Page_24
	26AshraeบทความP1-30_Page_25
	26AshraeบทความP1-30_Page_26
	26AshraeบทความP1-30_Page_27
	26AshraeบทความP1-30_Page_28
	26AshraeบทความP1-30_Page_29
	26AshraeบทความP1-30_Page_30
	26บทความวิชาการInside01-126
	26AshraeบทความP31-72_Page_01
	26AshraeบทความP31-72_Page_02
	26AshraeบทความP31-72_Page_03
	26AshraeบทความP31-72_Page_04
	26AshraeบทความP31-72_Page_05
	26AshraeบทความP31-72_Page_06
	26AshraeบทความP31-72_Page_07
	26AshraeบทความP31-72_Page_08
	26AshraeบทความP31-72_Page_09
	26AshraeบทความP31-72_Page_10
	26AshraeบทความP31-72_Page_11
	26AshraeบทความP31-72_Page_12
	26AshraeบทความP31-72_Page_13
	26AshraeบทความP31-72_Page_14
	26AshraeบทความP31-72_Page_15
	26AshraeบทความP31-72_Page_16
	26AshraeบทความP31-72_Page_17
	26AshraeบทความP31-72_Page_18
	26AshraeบทความP31-72_Page_19
	26AshraeบทความP31-72_Page_20
	26AshraeบทความP31-72_Page_21
	26AshraeบทความP31-72_Page_22
	26AshraeบทความP31-72_Page_23
	26AshraeบทความP31-72_Page_24
	26AshraeบทความP31-72_Page_25
	26AshraeบทความP31-72_Page_26
	26AshraeบทความP31-72_Page_27
	26AshraeบทความP31-72_Page_28
	26AshraeบทความP31-72_Page_29
	26AshraeบทความP31-72_Page_30
	26AshraeบทความP31-72_Page_31
	26AshraeบทความP31-72_Page_32
	26AshraeบทความP31-72_Page_33
	26AshraeบทความP31-72_Page_34
	26AshraeบทความP31-72_Page_35
	26AshraeบทความP31-72_Page_36
	26AshraeบทความP31-72_Page_37
	26AshraeบทความP31-72_Page_38
	26AshraeบทความP31-72_Page_39
	26AshraeบทความP31-72_Page_40
	26AshraeบทความP31-72_Page_41
	26AshraeบทความP31-72_Page_42
	Untitled-1-03
	Untitled-1-02

