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Psychrometrics and Thermal comfort

L4 Qe

lalaswe3n (Psychrometrics) Aanisfinwuariinsizvinaautaniamesiulauning
yes0neioUszenAlinaauRmarliunssuiumsiharudy iarudeu uaznisuiuaime
luunilagnandnaaud@eig 9 1e90In1AY Y nszuIuNsiugulussuusueINAag 9
= = 1 U ! Q" -] L4
FINMIANIANMIZAVIBVDIAUADANTIZEINA (Thermal comfort) wagtademng § Nyl

AUSANaUY

11 oaxmAuRvua=2MABU (Dry air and moist air)

Tneund enmafiegsousa asduonmanidleuUsduey vsesenin Wueniafinay

AT 9IS (Dry air) Aulewn (Water vapor) 39158n9101@431 91n1etu (Moist air)

'
a % i

lngoniaguazillounliganautisaniizduds mdns@adlesdilvlueinanianiiziisn
Ulegagliszmedilulueinia usasanasdiiuviseaseluavensin (Mist) luernia Fwn
ernedudiidigaugianananiies faibileunlueinandusesnuiluzuresmuen
(Fog) v5011A13 (Dew)
a1meuazleln IngAnssuiiludaszaniu uasneldaniizuindauianuaiing
d’lj I 4 L (24 1 o Y & 14 LY
vunulantu onawiszegluslresing uagluauisavlnduvesvailanieainudiu
Weseg1aied Mbisaunsaltaunisvesinveauaflun1sineioniauials duleuitu
v & = < o q v & v v Y
anusanulavslusUvesnamieveuds wagarunsavilviiduveavatlameainudu
el Ay Auandfvesleudalinududouninnitiazau1sanilaannis
noagouluesumng
1% N o 5 = 2 1 wa 1%
2MMAu (Dry air) Ais o1 kifiletuasdsanysnidevuey AnaudRvaeINAL

wazlounvzdsulumuseiuamnugs gamail wavaaiuesduras Inevinluwen 8w
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zdidrulsynouvadbulasiau 78.084%, aandiau 20.947% a15nau 0.934%, Ansuaula-
panlya 0.0314%, 100U 18.2 ppm, S8y 5.2 ppm, {194 2.0 ppm, A3 Unou 1.1 ppm,
lglasiau 0.05 ppm, Fuau 0.009 ppm, lalyu 0.007 ppm, lulasiaulneenlen 0.002 ppm,

lolodu 0.001 ppm, Asusunauenles wazvweouluiile (Harrison, 1965)

1.2 ussgMAUIOSIU (Standard atmosphere)

v
v v = o @ Y

gaumiinazausueInIAtuIsiUdsuwlatlunuseiuaugs dau 3s9dudes

'
=Y

AMUAAIUTIEINIANIATFIUTUNN WelddumdedlunmsiuamafssAuAugsdu 9

Y
NTEAULINELE nefisedudimeziady e1navzgnimualiiigamall 15°C (59°F) wagdl

AU 101.325 kPa (14.696 psia) lngaauvgiazia1anas ilaad1uawiudu 9n

Y

AMaNTAAINGTT a10150 0 8UANUFUNUSTENT19ANAN aaunll wazAIUgalanRall
(ASHRAE Handbook, 2021)

p=101.325(1 — 2.25577x10752)>25% SI (1)
p=14.696(1 — 6.8754 x1067)325% P (1)
t=15-0.0065Z ST (2)
t=59 — 0.00356627 P (2

g p A9 AU (Barometric pressure) , kPa (psia)
Z fio anuaansEauiivnga, m (fr)

t fs gauugdl, 'C (F)

aun13n 1 uag 2 Yu szdianuiiugianigluyieniiugs -5000 m (-15000 ft)
f11 11000 m (33000 ft) anszavimeiamity Fernusunisulumumiugeanaunisi

sgiivsglevilumaihluAmnamauaudiveseniaiussly
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1.3 Adwaulouthdudd (Water vapor saturation pressure)

n1sriaaaniRvessiniadudndudewmsiuanudulauiduda (Water vapor

saturation pressure) fiow logn15diAgungivete1n1ayulyguaauiulou1duda

TAa1nais19ladisnuees suuka s mestulauiiing nisoramuirnlaelvaunns
famalull (Hyland and Wexler, 1983)

figaumgfi —100°C fa 0°C (—148°F &1 32°F);

\Wa: e SI

A U g a L
Q0] m’mmulamaum, Pa

In pws = CY/THCo+C3T+Cy TP+CsTP+CeT*+CoinT ~ Sland IP (3)

918 1P

pus PO anuauloundud, psia

Pws

T Ao o, K="C+273.15 T fAe auull, R="F+459.67

C, = -56745359 x 10° Ci = -1.0214165 x 10*

C, = 03925247 C, = -4.8932428

C; = -9.677843 x 107 C; = -53765794 x 103

c, = 62215701 x 107 Cy = 1.9202377 x 107

Cs = 20747825 x 107 Cs =  3.5575832 x 1010

Co =  -9484024 x 1077 Co = -9.0344688 x 10

c, = 41635019 c, = 41635019

figaumgfi 0° fis 200°C (32°F 81 392°F);

In pys = Cs/T+Co+C1oT+Ci1 T+Ci2TP+Ci3InT SI and IP 4)

dlo: e SI $qe 1P

Cs = -58002206 x 10° Cs =  -1.0440397 x 10*

Co = 13914993 Co = -1.1294650 x 10!

Cio = -48640239 x 107 Cio =  -2.7022355 x 107

Cu = 41764768 x 107 Cii = 12890360 x 1075

Cin = - 14452093 x10° Cia =  -2.478068 x 10

Cis 6.5459673 C = 65459673
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Anausulots s (Water vapor saturation pressure, pus) [ Humnusudush
voslathitlsifionanauey (lothusand) aruduiasuusiunmugamgiviniy wasasien
wanenganAtruduletassluen AT U sy (Vapor pressure, ps) ﬁqquﬁlﬁmﬁu
Gntion feu mamsuanuduletnaieweseniadu fasnsatumnaaasEdy ° ves

Tovnla

14 ivaauAad (Ideal gas)

Tums3iAsIekenmad uiy iaEnsnsean1svediggauai (figaysel) i
d1uUsEneuYeseInIaLis Toun wazdrunanveseinAduldAeudrsutuglngianiz
Tugheiimnudulndfumnufuusseinia dmsudiunauvesinegauai nvosanaduszyin
Tuanavesimuarlessmeiomunasdusinasvinfiu ussarufuTINTe s IuHALRD NATILIVDY
AufuTesdIuUsTneULAard U fetiu AU ATuRn T UAN LS UIRIN T d 1LY
omALTITILTUALE T duTesleth

doonauarlounvimiidifufiegauni nguosiivgauafiuazngueaniaiy

Vv

41013005 UIUNGANTTUVDIAIUNANAINATILAGIT

9IN1FWAs (Dry air, da); PdaV = ndaRaaT SI and IP (5)
lovh (Water vapor, w); pwV = nwRwT SI and IP (6)
Ao ANAULANIZEIU (Partial pressure) vesemAwivselot, kPa (psia)

p
V Ao Ysumsvesenniaauy, m® (ft)

2 TUIULNAVIDINAIAY YT laun

o))

9 ANASVIIRn g JAnndu 8314472 J/kmol-K, (1545349 ft-Ibylb mol-'R)
N

9 gaungilduysal, K (R)

o))

n
R
T

o))
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1.5 Atuauu@oinmABu (Properties of moist air)

'
v a

mﬂammsﬁ"wqﬂmﬁLLazammimwmuaméfmmlaﬁw ASHRAE Handbook (2021)

Y]

louanadsnismamandiay 9 vesonaulinsl

151 AWAUSOU (Total barometric pressure, p)
TumsTaruiuesornmatiuirluiy afildasduiaudusiy (Total barometric

pressure) FIiANIAUANMUAUANIEEINYBIDINARIAITINAUAINAULRNITEI UYL DUN

Faauniseeluil
P =Pdat Dw SI and 1P (7)

wnuAdanaadtuaunisvesinggauafzlainuautfiveseniatu assellil
(paat pw)V = (nga+ nw)RT SI and IP (®)

4{' & ° &
WD ndet+ nw A8 3UULNESINIUBNNATU

NENN1SA 5 09 8 axliawaulia (Mole fraction, x) U8s0IMALKILAYOINATLATL

Xda = Pdal (Pda+ Pw) = PdalP SI and IP 9)
Xw= pw/(Pda+ pw) = pwip Sland IP  (10)
152 dasid@uAnuBu (Humidity ratio or mixing ratio, W)

NTIAIUANUTUVDIDINA Ao dnTIdIUVBwIalown (M) AauIaeIneLRe (Ma,)

Feaumssioluil
W= M,/Maia SlandIP (11)
Snsdrunudy () fvuaedu kewked (Iby/Ibg Tuviae TP) wavilavinfy
g IULAYEIULNA (Xu/xad) AAIETNTIEIULIALLLANA (18.015268/28.966) f9aLN1T
seluil
W=0.621945 x,/xda STand P (12)

PMNFUN1TN 9, 10 wag 12 aLleA19nTNdIUAIINTY A
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p
W= 0.621945 py/paa = 0.621945—-
p-p,

SlandIP  (13)

153 DO d@UANUBUDICAD (Saturation humidity ratio, )
FT1AIUANLTUDUAT A ATRTIAIUANLTUVDIINAD Ul B aUA UL VIS DU LD

a a ) o o= 1Y U &
ol waganuiuviniy Jsagmldanaunisiweluil

pWS

W, =0.621945 SlandIP  (14)

pWS

154 AWBUINWN: (Specific humidity, y)
AMUTUIINIE AD DRTIAIUTENINUIAVDILDUINBUIAVDIDINIATY AIAUNT

Aoluil

Y = M/ (M + Maa) Sland IP  (15)

[

viedoulusurosdnsduauduldsd
Yy=wi( + W) Sland I[P  (16)

155 ANWBUAUYSHU (Absolute humidity, d,)
AT UFNYIVS 03 8NINTRIN ANNVLILYNYelen dauviiudandiusening

11a099loURUSNNTVDI9INIATY AsaunISRlUT
dy =M,V SlandIP (17)
156 AWHUNWLU (Density, p)
AMURUIUUTANVINAUTATIEIUTENINLIa 1IN AT URUSUIRTYBI IN1ATU (V)

feauniseelui
p= (M, + Ma)/V=(1m)1 + W) SlandIP  (18)

e v A Usuessuwizuesenniadu Sviheidu m¥/kga (ft/1ba, lumiae TP)



1 sz[nszum§nua:amjzau7a| 7

157 USINASOUW: (Specific volume, v)

USR5 M2 L AN UUIUINSVIDINATUABUIATBIDINFLY Aeaun1saalUl

v="VI/Ma.= V/(28.966n4,) SI and IP

(19)

NAUNTVRIYAUAR AUNTTN 5 UAzALNITANUAUTIN @unsh 7 axldaunisesil

RT Ry, T
v = = SI and IP
28.966(p -p,) p-p,
nauMsh 9 azld
RT(1+1.607858 R, T(1+1.607858
_EN W) _ RaaTl M Sland1p
28.966p p-p,
Wy R adluaums agldaunisedsi
v =0.287042(¢ + 273.15)(1 + 1.607858 W)/p SI
v =0.370486(¢ + 459.67)(1 + 1.607858W)/p P
do v fie USumssinzaasenniaty, m*/kgaq (ft*/1bay)

=Y

t 9 gaungiinszizuvisvesenia, C (F)
W A 9n91@unuTY, kgwkgs (1bw/1bag)

p A9 AUAUTIY, kPa (psia)

158 DVFMMSIUC (Degree of saturation, |1)

(20)

21)

(22)

(22)

DIAINITOUFY AD BATIFIUTEWIN BATIAIUANNTUITY () ADDRTIEIUAIINTU

votledudy (W) Neaumniuasanuiuiiy fAsaun1ssludl

n=Wiws SI and IP

6

dwsuenieuisla 9 Axdesmn1sduduarANNTUFURNSWINTuALd

(23)
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[ [

159 AWBUFUWNS (Relative humidity, ¢)

ANMUTUAUNNS Ap DR dIusEIINAwalIuluavadlatfuAwdlIuluavadlatn dus?

[

wazmnuAuaulau1a3e (Actual water vapor partial pressure) faa1uaulad 462

(Saturation pressure of vapor) finuAuLazanuiinsssuinfedtu Amunsdelull

(I) = X/ Xws =pw/pws SI and IP (24)

[

=) a a 0 Yo A
‘WiE]L“UEJNIUE‘USU’PN@Qﬁ’]ﬂ?i@m@’ﬂ@@ﬂu

_ n
1-(1-w,r)

) STand IP  (25)

_ % . :

1510 TURANUIAUIAI (Dew-point temperature, 7,)

gaun)igAUIA1 A g nAIrdudNANAuYMETY Noamgdaenad
Tounlusnnmazisundududuin anansanuiegumaiiareatiasladie o wu n1siie

wea MRl Wesnfwidigamaisnunvilienneduuinaiouidgumalianas

JUNTENIRMiigntAuazdwalrlaunluaInAinnITNaue7

v A

dmiuauauledudmNeungiynuA1g (pus(ta) Hu ausaduialanaunis
famalull

Pus(ta) = pw= (p/W)(0.621945 + ) SlandIP  (26)

Wo  pw  Ae Aanusuanzduveslein
Pus(ta) A9 ANUAUBNAvRslaUNRUN)IIAUNA1
1518315071 NUA UL BUFAINa UM TIAUIA (Pus(ta)) LAAINENNTTN 3 g 4

drugauninunAely ansarwInlaInaun1sues Peppers (1988) fall



b4

figaumgiigaiindne 0°C A 93°C (32°F &4 200°F);

Wa: MUY

ta

] Zz;[nszuc@nua:amg:auwl 9

ta= C14+C15a+C16a2+C170L3+C18p?v'1984

ta=6.09+12.6080+0.49594>

ta=90.12+26.1420+0.89270*

o))}
©

o))}
©

e 1P
Qmmﬁﬁ;mﬂfﬁw, °C t D
In py a @
AMUAURNIEdIY, kPa p, O
6.54 Ciy =
14.526 Crs =
0.7389 Cro —
0.09486 Cir =
04569 Cis =

SlandIP  (27)

SI  (28)

P (28)

g iaminang, °F

In py
ANNAULRNIZEIY, psia
10045

33193

2319

0.17074

12063

151 wumaludvomABU (Enthalpy of moist air, /)
LLUNATVBIINAY UL LﬂuwasamaﬂLaumaﬂmaammmﬁa ﬁUL@uVHﬁ‘?JSUENVLEJﬁW

faaunIselUll

Wo e
hg

h :hda + Whg

Sland [P (29)

A9 LUNIAUIUNIZV0IINALAS, kI/kgs (Btu/lba,)

Ao Loumaldnnizvedledus, ki/kgsw (Btu/lbay)

1ng ASHRAE Handbook (2021) lauansaunis @wmsunisuszanaaounatuny

gIMALaTIgamn iiang o 1idadl

haa = 1.006¢

hda ~ (0.240¢

SI  (30)

P (30)
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dwsulethil 0°C (32°F) azdiAteumativindu 2501 ki/kg (1075 Btwib,) uad]
AIAIUYANUTOUTUWIEYINAY 1.86 kI/kg K (0.444 Btwlb,-F) faa lumsuszanae

= %}l a 1 Y v dy
wumatvedlethannsaleuwduannisland

he~ 2501 + 1.86¢ SI (31
hy ~ 1075 + 0.444(t — 32) P
hy ~ 1061 + 0.444¢ P (31

We ¢ Ae gaumnginsezunie’C (F)

WAUAT haq WY B asluaunsazlalounmalannizvesonniayy asaunisneluil

h=1.006¢ + (2501 + 1.867) S (32)

h=0.240¢ + W(1061 + 0.444¢) P (32)

152 deuHiAns:tiztdgnniIvnasSlulaulidnd (Wet bulb
temperature, 1)

I51ansaeduInsEUIuMBAngamgiinsz s enlfisiunwldie Taoisuain

nsfiarsanematuiilnadluluviedifiiussqey neviedenuenunnuassiuaua Tu

seranemaaluluvie dhagsemanlUlusnia vinliRensd@IuAINLTULAZLeUN1AY

1%
a [y o

Y830 MMATNT Y aui oAl udigaumgiiideaduin tagldiinsaremanusou

4:911 < a Y a a . . .
Nz TELTUATEUIUNTOINADUFAILUUDELIABWURN (Adiabatic saturation) laga1n e

dudiarivasenigumgiviivgamniiun - Feeamgliananiisendt gumgiinssizen

mavesiulauiing (%)

Sofinsanaungded 1 mameslulewndind azld
h+ (W, =Wk = h; SlandIP  (33)

i * * wa a a * Y | o
dlo Wy, h,, way hy Aonuauifneamgl * way h, fe loumalaeah Assmedily

Tuanne
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myinagamgiinssihelonmelalasiives Inglionelraruuanenseiuisiigy

3

v v [
14 [ £% [ £

Mgty Wvsewmedngeinie lagfsaiuseuainiiuagnsvidizeenld vilvinssiuae

=

figamnfianas nszurumsfananlilinssuiuniseimaduduuueyifeuuin (Adiabatic
saturation) IM51z83AsfinsaeImALTeusenddwindeuey 1313 u3enaAATaldI
pumgfinszindenlalasiived mstadgamgiinssilsdondlslasiimeuuumisedy
mszisdierndluarunsziUiziendUsznn 0.45 m/s (90 fpm) \uszeziian
flurume Aunsetadhgniizauna

Tumadfoanuin ormadufinrudulndidssfuanuduusseinaasigunn d
nszzdonmameslulanind IndiAsstugumpinssizdeonlelasiined fufuaunisi
33 fansiiusglovilumsihlumauand?du 9 veseniald
Lauma'flsuaaifwﬁ?u%Lﬁuﬁﬁumuqquﬁ Tnenindl 0°C (32°F) azilpunmalminiuaud way

IS ¥

fenussudnmngyszana 4.186 kl/kg-K (1.0 Btwlb, F) Aty loumatvenifigumgiisa 9

aedlanlneuszann fail
h, ~4.1861" SI (34

hy =t =32 P (34)

[y

o e \ & &
INFUNTSN 33 1Ay 34 @1U1SMIANDASIAIUANUTULAGIT

(2501 -2.3261") Wy —1.006(1 ")
- 2501 + 1.86¢ — 4.18¢*

SI  (35)

- (1093 - 0.556:") W, —0.240(t —1")
B 1093 +0.444¢ —¢*

P (35)

Fop
®
~
b

9 aaungilennie, °C (°F)

~
o))}

9 gauuiinszieilen, °C (°F)

-0

iaunsaldaunisi 35 smaganginsziuiedonld uwiaziiuin aunisldladu
AUNTWDLEY NSUNENN1TIEABIAENIEUIUN1SYING (Tteration) aunInazlaAneInis
Fasnanunsaliands Goal Seek Tulusunsululaswensioniwa (Microsoft excel) 11vqeluy

N52UAUNITYINDLE BalUsiNTUaINNTaALIMUMNATLADE1959A157
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Roland Stull (2011) ladnaueaunismamungiinssiizilen NTuivaumgil
NSLUIEHIAY LATANUTUAUNNS A9guN15T 36 Fdun1snanalglafuaImady NlaumA

101.325 kPa lagauni159danukiueg 0191n1Ad ALY UAUNNS 085817319 5%RH D4

99%RH wazilgumgiedsening -20°C fis 50°C lnglaunaiaadousgil —1°C fis +0.65°C

WagNaN1IAWINAYIANARIARERURALFUYTH! (Mean absolute error) Hogni1 0.3°C

£*= tatan [0.151977 (RH%+8.313659)"*] + atan (++RH%) — atan(RH%—1.676331)

+0.00391838(RH%)>? atan(0.023101RH%) — 4.686035 SI  (36)

o))

Wa ¥ 9

HO)

m%qﬁﬂssmmﬂaﬂ, °C

Ny Anszilnzuitg, °C

o))

t
RH% @@

!
ZopazenuAudIng (1000)

atan 2 MaNTuUveY arctan MUNUILVDILIHALY

gampiinssheden avlidnldasanintiugamgiinsszuis Fusiintudlonnenuy

Duonmadusa

1513 LWUDMYMSAILDEUKANATUAUUGUDYIMAGU

AnauiRvese Aty sxliaudiiusiu fildndnuudsiomn mnsmea
aauAvetenimeestiosansaagyinliausamananifisn q vesemaiivdeld 3
Mnaunsiinauisaiansaagidusumdunsduamaguaiifivessniaty
densuaaaanifvieild 2 35 sl

v W

38A 1 MNNSURUUIinsEUzui () ANUTUANITS (§) wasAuAuaINIA (p) @115

AMLUAELURTNLAAD AU UNT lWsUT 1.1
9q Y T
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114 Dew-point
temperature, 7,

Equation 27 or 28

¢t _ | Water vapor sat.
PIessure, p —+—Lyl  Enthalpy, &

Equation 3 or 4

Equation 32

wh

Pryl Humidity ratio, W
pda

Dry bulb
temperature, ¢

| |

Partial pressure of
water vapor, p,,

Relative
humidity, ¢

Equation 24 Equation 13

|1/

Specific volume, v

m‘ #

Total Pressure,
p

Partial pressure of
dry aira Pda

Equation 22

Equation 7

Wet bulb
temperature, ¢*

Equation 35 and p,
or 36

5UN 1.1 unugimsiwiuauautiiennatudlensiu 4 ¢ was p

fiyn - HLTEU (2566)

j——

58A 2 MNMIIURUUINTEUIBWA (1) gaumgiinssilislen (1) warANAURINIA (p)

anansaAnnunuantinmvaslanuunugiluzun 1.2
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Dry bulb
temperature, ¢

Wet bulb
temperature, ¢*

Total Pressure,
p

Pus()

¢ | Water vapor sat. | ; | Water vapor sat. Relative
Lo — . g
pressure, p,,(¢*) pressure, p.,(f) %, humidity, ¢
Equation 3 or 4 Equation 3 or 4 Equation 25
G 0] \Z
p | Sat. humidity p_ | Sat. humidity /4 Enthalpy, A
- . o .
ratio, W,* ratio, W,
. . Equation 32
Equation 14 Equation 14
t*| Humidity ratio, Degree of | | Py Dew-point
w 7% saturation, | temperature, ¢,

Equation 35

Equation 23

Partial pressure of
water vapor, p,,

Specific
volume, v

Equation 22

Equation 26

Equation 27 or 28

U 1.2 usuniinisAuiuauaidfonnatudlensiu ¢, r* uag p

fiun : HLT8U (2566)

099 2 wnudl rannnsathlu@euduaunisaiuin aelusunsuailsnde

(Spread sheet) #3olusunsululaswenadniwa (Microsoft excel) lalien Fasraiunsa

nludszendldlunisawanssurumsiugiuluszvuusvenials lulesiu flsula

Javindulrdmuaielsunsululassendidnwalinds wingeruaulaaiuisoniluan

1Ulgle s1uden https:/bit.ly/3rjOuCT
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@aegwi 11 Sargamniinszeuisesomaianuiu 101325 kPa'ls 25°C (298.15K)

LazInANUTUFUINS LA S0%RH (¢ =0.5) inAmaudfid1e 9 vas

ANNATUNINGT?

langmuua ¢ =25°C (298.15 K), ¢ =0.5 uag p = 101.325 kPa

landlivn Aauand@nng o vesenAuimae

ad o

LY Y v

a & oA a a A 1
AN ‘V]'W’]maNUGW]'N ] VBNIDNNAYUNLIAD WWNLLUQWWQGLULLNUQN 1U§‘U‘V] 1.1 lﬂﬂﬂu

o

AMUAULIUIBNATY (Dws); INENNTTN 4 Unua T 9 298.15 K agla

Inpys=C3/298.15+Co+C10298.15+C11 298.15°+C12298.15°+C131n298.15

wnum C agld In pus = 8.06124
Ay Dws = elnpws = 806124 = 3160 Py

AMuAUlaYaILINATY (py) 1INEUNITA 24 unual ¢ = 0.5 azld

Ppw=0.5pws = 0.5%3169 = 1584.6 Pa
AMUAULDYB9INIALAS (Pa); NANNTA 7 wnuen p=101.325 kPa uazan
pw = 1.5846 kPa 3zla

Pda=p — pw=101.325 — 1.5846 = 99.74 kPa

Soamauaradu (W); anemsit 13 uien p= 101325 kPa uaven p, =1.5846 kPa aelé

P, 1.5846
=0.621945
p-p, 101.325 — 1.5846

W=0.621945

W=0.01 kgwkgua
USuassunaz (v); 2naun1si 22 unuei = 25°C, = 0.01 kgw/kga %@
p=101.325 kPa azla
v =0.287042(¢ + 273.15)(1 + 1.607858 W)/p
v =0.287042(25 + 273.15)(1 + 1.607858x0.01)/101.325
v=10.8582 m*/kgu
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14

o guURNLAN (f0); :INaNNNTT 27
ti= C14+C15a+C16a2+C17a3+C18p?v'1984
990 py = 1.5846 kPa unuaniien a axle
a=1np,=0.4603
wnuen C, pw wag a astuaunsagla
ta= CiatC150.4603+C160.4603%+C170.46037+C 151584618
t:=13.89°C
o wumalaaseniAdy (h); naunsi 32
h=1.006z + W(2501+1.867)
wnuA 1= 25°C waz W= 0.01 kgwkgsw 2wl

h=1.006x25+ 0.01(2501+1.86x25)
h=50.614 kl/kgia

o aunalnsziuzillen (¢%); Mlaannauni1si 36 lneunuaAIunnTnTelUNTLAe
9 U

9 Y

d’lj Y v & ¥
warANUTUFLTnSasluaunisazla

{*=ratan[0.151977 (RH%+8.313659)"?]+ atan (++RH%) - atan(RH%-1.676331) +
+0.00391838(RH%)>? atan(0.023101RH%) -4.686035

t*=25atan[0.151977 (50+8.313659) 2]+ atan(25+50) - atan(50-1.676331) +
0.00391838(50)*2 atan(0.023101x50) - 4.686035

t*=18.00"C

ndoyaluunugillelasiuninyes ASHRAE an1igingdnunui gungd

nszihzilunavedi 17.88°C LIAUIMANAITUN 0.67%
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1.6 uwulslaswasa (Psychrometric Chart)

'
a

WU Psychrometric 13AL3UAUIINAINABINTIATIZYINGANTTUVRIRINAY Ul
szuvUsuanmeegraduszuu lnednesnguddde Willis H. Carrier §9lul 1911 14
LHEWN3L8Na15T8 “Rational Psychrometric Formulae” §adioi unssiugnsuazuwifnga

wamansiiieiuegraluszuu nSendnausunugiinsfinfiuansruduiusvesaamgl

6

dy v v 6 v 2 o Y a a

PHAUEINS Lowiadl uagUSinesdumizlugduuunldnulaasduniadamnssy

1 1 dl a v a v 1 . .

Al enaermIsIun 20 Imnswaztinifevangay \wu Palmatier, Haines uag
Rohsenow lommnunugdliunzaudulaulaiivainvans 1wy anuauusseInaiaan
V303¥AUAINGN 9 VaulAgiu ASHRAE tealasiunumlunisusuusaanuusugives
AMaNURYeI9IN1AYY Inean1¥aINauIdeves Hyland & Wexler (1983) wag Nelson &
Sauer (2002) Fs1lugmsasiaunugidviugamaiiageds 200°C (600°F) NiAaifiuussenIe
Mgy

UaqUuunugil Psychrometric §ynadupsosfiondndildluniseaniuu insei uay
AIUANTEUUUTUDINA Insuanslayanisgammamansvanedflunsuiey Saevioudanisys

a ¢ a 9 A aa v a . ' a

WINSVDAINYIMENS IMINTIU UWaznISITUATIMISUAUIINLWIAAYEY Carrier N1 100 T
oy uaglasumsimwsieailiadlaeyguvuiangsy HVAC auflagdu

logviluuas wugillalaswesn 1 o agldladwsuanuduaile q Awils Feily

eldiunnuduiseauimea Tutagdu wugiilelaswnsniy Ivaneguiuuuansiaiulunig

v '
U o I

uvidstfdn s ASHRAE 109 Iénnnusuniituvansys fusunifissduimen fised
A3 750 m (2500 ft), 1500 m (5000 ft), 2250 m (7500 ft) Ansziutmeza uaziily
Fonldvanevrsgamnfl Wy drsgamgiund 0-50°C (32-120°F) ¥r9gmumgdinn -40-10°C
(-40-50°F Tuguuuumiie IP) ¥1gaumgilas 10-120°C (60-250°F) uazaagamaiigann 100-
200°C (400-600°F luguuuuniae IP)
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(TTOT) 10111ED : LIXLA
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' v ' [
ada 1 [ a A LY o

wnuninfeulglunulsvonadiulngiu \Wuwnugligamgiund Aszaudmea
Fauandlusuil 1.3 usmnanudulinsestuiiseyluaundl iildaunsluidonuandd
pAtuandwaald 23U 13 unudadiurnilevesunugll asianiAndnsduauty
(Humidity ratio, W) Tnafiendaus 0-30 guw/kgaa (0-0.03 Iby/lbae) drunnuueu 1Juldu
gauninsziUnzuiis (Dry bulb temperature, 7) wsirinazldauiuiu FeaziBeslunedie

[ 7 Y q{'
BNLRYANUUIAG AlaAslusUN 1.5
AL A VoA

2./Kg44 /

26 /
22
/ s

/ 14

10

/
~ ;
C

2

) 10 20 30 40  50°C
(N) PATIEIUANTY (%) gumnginsziizui

UM 1.5 idugnsndumnuiu wasidugamginssidizuis Tumie SI

i : HLTEU (2566)

utaunial (Enthalpy, /) Lﬂmé’mﬁmwmmuLquqﬁﬁmmuﬁunmé’u ANuLay
guuginszilnzien (Wet bulb temperature, £*) D uAUUTER8 LR eIAULE UL
mad udagldvwuiuduandusun 1.6 uidmsuununiilelasiwuninves Carrier 4y 98
Fan1seruAneunal unnanellanuanugives ASHRAE Wantes 19991nUas Carrier
[~ 1 | a' o d! [ 1 a|) d' a [ 5 1 a2
znanduALauatvease1nadus FaluldeunialNnaninegase Ay dueuniatls
YuUlUAUEURUNNTINTE UL UeNAae A awUNT Aduwandlusun 1.4
9 Y Y B |
ANBUNIATURIDINIABUAIAINUHUYI VDY Carrier U ALUANAIRINLOUNIATT
N34 WY 2% LAMNABINSAMLLLET 15198ADIUSULAP8ANANUD BULYDBUN1AY
g uid “Enthalpy Deviation” (idulasluninfslusuy 1.4) wu Moumaiinszsiizuis 35°C
Y I | 9 Y
LazANT UFNNNS 10%RH 903U 1.4 oruanouniatla 44.5 kl/kgy, LagA191ua
“Enthalpy Deviation” laiuszanns -0.52 kI/kgas (28381319 -04 §i1 -0.6) fau Aeun1adass

a1 ]

Fafieiniu 4.5 klkeas ausae 0.52 klkgs viaewiniu 43.98 kl/kga, e



22 I Psychrometrics and Thermal comfort

Eunududusing (Relative humidity) szuanafuduldnieiuraes 10% diu
Fulsernadud (Saturation line) Ao WEuAAUTUgUIMEWIATY 100%RH luvazd
L ULUIUOUAD Lé’uﬁé’mﬁmumm%w,asmm%ué’uﬁwéwhﬁu@usﬁ (81N1AWAT) Aatkandly
Ut 1.6%

(n) wumatiavaumnginsziwlen (V) ANNIUFUANS
5UT 1.6 ueumal saumgiinszislen wasiduanuuduing lumie SI

i : HLEY (2566)

] a o . I3 v = A v Y]
uUSUInsI NI (Specific volume) Ludunssluluides nout19agauiuiu

¥

Aa3UN 1.7n @ruganniigauiaie (Dewpoint temperature) Huazliiiduyusingaguu
<~ 9 Y 9 Y

Ui wiazldignmsanidumIneulumdueINAB N TE AR M TIAUIAIN Aalans

q

' (%
Y a v v

Tusuil 179 vudulasdudiuasisavaumginldeulavsgamginseiivuns gaumgd

1%
a 1o v o

nsz e donuargamnianindanssuuduldsduiasiidgungiviiuiomn vlfie
fonseuANTY

ufurumioduldssusazgniFonineauen Vnadandudunauvesennaty
Suiuarinvariuniuasslusiniafiegluannraunansnnuiou Tnsdunssuiunis

gauniiasnluuinaivavtenazasiivdvengveuduaunginszilzilen

9 Y 9
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30/

25

20 / Dewpoint, ° C

1%
o v

(n) Ysumsanng (V) 9N ignIAIg

UM 1.7 iudSunnsdume wazgamiiianiinng lumile SI

fiun : ideu (2566)

Y

vukundlelasumin qeilananseasnas (Protractor) BYAUUUTIIVDILNUN T
lagainan1ulufe sms@1uvesAILsouduia (Sensible heat ratio, SHR) d1udinaniu
UONAe SNINAILTBIALLANAIITENINUBUNIAT FUAIILUANANIYBISATIEIUAINTY
(AWAW) fimbedu ki/g (Btw/lby,) fawanslusud 1.8

unugives Carrier uazLARIRNIZAINASNIIdIUTDIA L DU (Sensible
heat factor, SHF) iduvinilevesununl laofigasnsdeog “Alignment circle” w3of

gaunQil 24°CDB wagAududuinsviniu S0%RH Asuanslugui 1.4

ot 1.0 | 1.0 — —
038
10 0.1 1'25 N
06 PR
02 SENSIBLE HEAT _ _Hs g

N TOTAL HEAT Hr

n
ENTHALPY Ah

HUMIDITY RATIO AW kJ/g

U7 1.8 fegreaina SHR uaz A/AW vuwsugillalasiuninlumie SI
fiun : ASHRAE Handbook (2021)
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anananamavgnihuld eduduihnwesnssuiunisuuwugl lnenssuiunisle
7idnsd1uvesnusouduia (SHR) vseilan AW/AW windu nssuiun1siufagiidu
NITUIUMSIUIUAY wazazdiuselevdinniumsinseinssuiunsiussuulsuennia dsazla

wansdusnegdluiidens o U

@pgoR 12 et 1.1 farngamiinszzuiweseimaiianusu 101325 kPa
16 25°C (298.15 K) wazfannududuinsle 50%RH (¢ = 0.5) I

ARANURAY 9 Y9I INAYUAINE

langnvua ¢ =25°C (298.15K), ¢ = 0.5 uaz p = 101.325 kPa

landlimn Aauand@nng o vesenAiuilmde

a o

311 Mnnseuauuinugilelasiuninves ASHRAE fimnusiy 101.325 kPa

[

Aauanslugui 1.9 Wsuiunisiwinaslanuaudisng q Al

AENUR NATTAUIN NNTBUUNUAT
Humidity ratio, W(kg,/kga) 0.01 0.0098

Specific Volume, v (m*/kgu,) 0.8582 0.858

Dew-point temperature, t; ('C) 13.89 13.87

Enthalpy, & (kJ/kga,) 50.614 50.5

Wet bult temperature, ¢* ('C) 18.00 17.9

13.9°C j ! =98 glkgu

Humidity ratio

13.9°C 17.9°C 25°C

JUN 1.9 fegrmserumuuunugilelasunin
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1.7 ﬂS:UDUﬂ'lSWUQ"IUUE)\)E)'Iﬂ'\FI

171  ADUSDUIUNA Ua=ANUSDULWY (Sensible and latent heat)

nfderunmamasiulauning anusouduNane AusauNaaIsiasy walaaisuull
gaumniasuilatlagliinsidsuaniug druauioulisis ANuTounaansiasuwdn
aanstuiinisasuaniuglaegungidineg dwmsunsruiunslussuudiuoneiy el
AUSDUNATUNIAINUSDUFUNE WarAINSoULES IneauSoudulaaLiAnTY WiaaneAdl

a a | Py a &£ P2 K4 ~ a |
gaumniiiUagunlas drunnusouuniziiniu Weleurluemainisivdsuaniue 19y
nsnaudndunenin wsaiinssewevasindiluluannia

dlefiansannszuiuntsuuiug il lelaswes nagnuineuseududanfonuseunviili

AANsEUUNMIINIAN 1 lged 2 vise91naad 2 3n9ait 1 amguil 1.10(n) danuseuusfe

eruSeunviiiiianssuumMsanged 1 1Ugei 2 vise1ngai 2 119ai 1 eusuil 1.10(v)

4 1) t
(n) MuSoUdURa (Sensible heat) (¥) MusouLNs (Latent heat)
JUT 1.10 anusoududa wazanuiouulsuuunugilelasiunsn

fiun : HLT8U (2566)

¥
v o o =1 o

AYNSaudUREvRIINATY 91nngTeN 1 manesiulauniind arufoududaves

a1 W

DINFAVUILLAIAIAUNNT

s = titaah Sland IP  (37)
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YY) 14

119991NANMUS UL AYRID1INATY LT UNATINYRY AU UL AVDIDINTAA

De

WALAINUSDUAUNAVD9}DUN AU L51ENUSTEUANNSANUSDUFURALAR AT
qs = mdaAh = deamdaAt + pr’tht SI and IP (3 8)

e gs Ao ANSoududaveseinia, kW (Btu/hr)

Cpda  AD APLPNLFTBUTNEUIOINAWAS, 1.006 kIkgK (0.24 Biwlbs: F)

cow B AMIRATISauTIIzvadlewn, 1.86 klkgK (0444 Bulb,F)
fge A0 9RIINTIMAITIAYIINAL, kg/s (Ibg/hr)

mw A9 onsIMsialisnavedleunlueinia, ke/s, (Ibw/hr)

t e aungiivese1nid, 'C (F)

[

WA Cp LaE 7ty = r1ae W adluanns azle Anusaudurausaniaty fll

gs = 1itaa (1.006 + 1.86W)At ST (39)

Gs = titda (0.24 + 0.444W)At P (39)

W9 o1aiEenmen 1.006 + 1.86W (W3 0.24 + 0.444W) luaunsin ANHYANNTOUY

SunvvetenIAty (Specific heat capacity of moist air, ¢s) (Don and Marylee, 2019)

1% dgl I3 ¥ dl o v %}I %4 Gl o 901
ANNSaULA Va9 INATY; WuanuSounviiusewe i Tusnmansevinleilewn

Tusneian1snaus anusarmuIlamilouuaun1si 37 #309LheN AR NITEIY

(%
v A

vadlovAle sl

qi = Mwthgl — fiw2hg Sland IP  (40)

We  q A9 ANTOULNIURIDINTA, kKW (Btu/hr)

hg 0] Laumaﬂﬁuaﬂaﬁfl, kJ/kgia (Btu/lbg,)

19 it = gV WU by ~ 2501+1.86¢ (1061+0.444¢ lumiiae IP) asluaunis

azle
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q1= 1iad[ W1(2501 + 1.8611) — Wa(2501 + 1.8612)] SI
1= [ W1(1061 + 0.44411) — Wa(1061 + 0.4441))] P
1= 1aa[250 1AW + 1.86(11 W1 —taW2)] SI
1= 1aa[ 106 1AW + 0.444(1 W, — t277)] P

Lﬁa AW = W1— W,

INFUNIT MRUALA 1.86(t1 W1 —2W2) = 1.86tmAW (937035 350187874, 2561)

44' 2 A ! % v A o X
LD fm AD QmﬂQNLQaEﬁBﬂ’mQﬂig‘U’JUﬂqﬁ "i]ng(ﬂ AAUITDULLNIVBIDINATY AU

1= 1AW [2501 + 1.86%m] ST (41)
1= 1AW [1061 + 0.444,] P (41)
ansIn13avesand; lussuulsueinia asfisuvansnsnnisivaveserniadu

WeU3ues 1 gnuiauasaedunil (m¥/s) viiegnuiaiuasiowdl (cfm) lngdnsinisiva

WUSUIMSVRI0INA AzLAIRIL

tda = OV ST (42)
tda = 600/v IP (42)
e 0 Ao onsINIsiaLsUSIInsUese1ne, m¥/s (cfm)
v AD USNIRTILWIZY09907¢, m/kga, (Ft3/1baa)

60 Ao favwdaniiganndumduuni

“Yopa55239: N1SAILIUTATINTKALTINIAYDINIA (1T14,) ALY

1 o

A18ATINTS INAITIUTUIATUASUSUINTTUNIZY8I8INIA (v) a4 IATALALITY”
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N1374A312952UUUTUDINTA; a1503RTenle 2 WuuAe TwnTenananaudfAves
oAty vieTinsiientussrindledhiuemewis Tnevluudesliendinsesianeniaty
Tngldanaoiniauisndiun Wesndeyanuansioniatuiiimsdavinfulidy dulny
wdunnauiRremnaenauis deioyannaifenautasmuldlusundlalasumsnviely
A59AMENURDINAYEY ASHRAE Handbook-Fundamental wonanil luszuuuiuenne
71U snaemauisinasiisnasiinaannszuauns ssfumaoimatuiionsasdeuntadld
dleflloundwiesenanszuy el orawunisdounaaufiseydn waleunlunssuiunis
UsuanefiUsinadiesinnauaninsasnesnldiiieananugseinlumsdua

[1eariinTzauautAvesened uwenduseninslertueniauksils ud

wa al ° & v & wa a ! Y v a
ﬂqmﬂll“U@WiszﬂUﬂqiﬂqu’Jmuuf\]gm@QLUUﬂmﬁNUﬁmgﬂm@\i WY ALBUNIAY @@QIGULE]UVHaUSUQQ

2NALIVSaLlauNIaTvabate U

172 AS:UOUMSHIDIMASDOU HSDLEULUUANUSDUIUNA (Sensible

heating or cooling process)
Tuszuuusuenna 151aznuUnszuILNIsyinlwenasaulanaly Wy nslranuseu

v 5% H = ¢ % o v a ' v a 5%
AeaesdTaulnin revdloln wismAssduItuIoU UiBNITANEWAILSOUTIABEATOUVEY
a o A v [ a a H v ' a
w3esUsuoIna nzvaumsmatiidunislianuieulasiviunuleurlusiniadsvinbu
(FnTdWANUTUALAY) dun1sviiieniady Tnednsidiuanutuaafutunulaluneed
[ & adv a v a | '3 v . 1 Q’lj a r-:g!( v (%]
audungndniniteniiaeeduia (Dry coil) nssuiunswaiiaziiaduneliaueiu

a Y] PN
ANIPADANTEUIUNIT Aawanatusun 1.11
Jun 1.11

INNNAUAFNIA
11881 ALY Hdal = Tildad Sland IP  (43)

maiaﬁw: maa W1 = taa2W> SIand IP  (44)
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Heating or

1 Cooling medium ) &

l | &\‘00

) \»\\.

Y

| : 772 Cooling 1 -,
: . S — g "2
mdal A4 | Mda y/ ®
tl I Air I tz 9
W, : | W, e Heating °?

I I

| i

I

UM 1.11 nszviunmsiiieiniasounsedulagdnsadiunnudundiy

fiun : LU (2566)

INnNTe9 1 nmesiulauiiing

Baszvnauautienaty agld

192 = titda (h2 — 1) SIand IP  (45)

‘:4' =3 aa Y v @ @ v o ! = § v
AUN15N 45 LWUFANAITNULRNILAMUTDUAUNA LN IUU AU UAUNITAINANN RNEL‘W

% o‘r-:l' 1 [} d‘
NAANTNLMNUEANNTN 39

dpgwnld  onedumiigumgll 12°C lnaiireudsoumedasinisiva 1 mY/s uay

= a ° v P = Yo &3
Inavenitgaumgil 22°C imanuseuiionaldsuannaeeasou

Heating medium

1 2 \\'\\‘“
1 l | &
T &\@v
| | “ 9 Heafs
| @it oy, ). Z8:83.
12°CDB : 1492 I R
100%RH i 2°CDB AR
1 m¥s | | N
I ‘\{)]J
: | T
| T |
tn=12°C t,=22°C

Ul 1.12 Uszneusediedl 1.3
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langrivun 11 = 12°C uwazonedusa (100%RH), 0 =1m’/s, tn=22°C
langlim 19>
Anual p = 101.325 kPa

ac

35917 AU mdamﬂﬂmammsuaqmmﬁmw 1 (Luaﬂmﬂmwamwm'ﬂwamm 1)
O VAN pus W0BUVIUAT T=273.15+12 = 285.15 K asluaunisi 3
Inp, =Cg/T+Co+CyyT+C " +C 1y T°+Cy3In T
22lA pus = 1417.8 Pa Faaziiu Dw dlosandueniadush

o A1 Wanaunisa 13 azle

W =0.621945 14178 =0.00883 kg, /k
e 101.325—1.4178 En/KEda

o A v lngnisunuan 1, W uag p asluaunisn 22 agla

v =0.287042(¢ + 273.15)(1 + 1.607858W)/p
v =0.287042(12 + 273.15)(1 + 1.607858x0.00883)/101.325
v=0.81926 m’/kgda

o YA rige IAENISUNUAN v adluaunish 42 224
e = Q/v = 1/0.81926 = 1.22 kg/s

o WnuAadluaun1si 39 azle

192 = mda (1.006 + 1.86 W) At
192 = 1.2206(1.006 + 1.86x0.00883)(22-12)
192 = 12.48 kW



1 Za[nszuc@nua:amgzauwl 31

173 As:usUMSHIANUEU (Cooling process)

TuszuuU§uena aznunszuaunsianudulafinesdiu (Cooling coil) 1o
13 eUsuoIma Feonailvantunssdifusziionmnianas aunseiegamgininid
adswesanmaniu ledlueinimagndusieenundunean vlaniazveseinie
Wasuwadluies 1 uaglothasndusluaufseungfiaarhevemnssuiums laethilluasen
Mnresdariigungiiieafuonmafianing nszviumsviamnt SdeiFendnde fo n1evh

AnudukaranAIudy (Cooling and dehumidification) auandlusuil 1.13

Cooling medium

1 2
| |
| |
TMga I q I Migq
M A i,
] | d 0 | &2
W, W
l | g d 3 O | ’ Sensible coolin
| 5o 0 |
' l b 4
v mw hw
U7 1.13 nszUIUNTIINANUEUlRRUBINA
i : LT (2566)
VINNYAUNDIUIA
118910 1ALIAS: Mdal = Mda2 = Nda Sland IP  (46)
inalei: Haa W1 = titaa2 W2 + it SIand IP  (47)

vnngTad 1 maeslulauiling

AAsennAuaudRonATy azla

Tda N1 = Hlaa ho + 1q2 + 1ty

192 = Mda [(h1—h2) — (W1 — W2)hw] Sland IP  (48)
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Wel

[

n5UN 1.13 921971 12 WJunnudeusiuseninsanusoundsasanusoudy
A9l

YBIDINIFLIA LAYITNDDNAIENEIUVDILNMAINNAUR Teaursadeutduaunisle

192 = (gs + qi— Tityhy SI and IP (49)

Taumshi 39, 41 uas b~ 4.186¢ (¢ — 32 Tumihie TP) wuvvasiuaumsyi 49 aglé
SI (50)

12 = 1i1aa(1.006 + 1.86 Wim)At + (2501 + 1.866m)AW — 4.1866AW ]
P (50)

1q2 = 17140 [(0.24 + 0.444 W) At + (1061 + 0.4444) AW — (£ — 32)AW]

10 At=t1 — b Uag AW= W1 — W2 @ tm W% Wi ugauaudfindessninnssuiums

AUNAFIUYDITTUUUTUDINIA
1) nszviunmsusuennanily agdlan m =~ 24°C (75°F), 55%RH wag W~ 0.01

2) qmﬁ' 2 YeanszuIumsUueInaiily 2sdie & ~ 10°C (50°F)
Mnauyfigiu unuaianunasluaunisd 50 agldanufousaulunszuaunis
FanuduvesszuuUFuana feil
12 = 1aa[(1.006 + 1.86x0.01)Az + (2501 + 1.86x24 — 4.186x10)A W]

12 = 1itda [(0.24 + 0.444x0.01)A? + (1061 + 0.444x75— (50 — 32)xA W]

SI (51

1q2 = tida (1.025A¢ + 2504AW)
P (51)

192 = mdq (0.244At+ 1076AW)

NFUNITALLIUIN ouT 1 ve9il4u7niende Aanusoududa drumeun 2 Ade

ANNUS DULNTINDBNAYNA I UVDIUINNAUA D hALNDAIUALAINIILNLTLNLNDUA 2 91

AU DULA LN
Paadnm; NSTUIUNITISIVBITTUUUSUMANY aziloniAusdlud bl ladudanu

ApEdLiu 15 115uneIN1ATlaN BnALAYe (Bypass air) F9agyildiidunsyurunisuanaigly

nlusuel 1.13 Tngageduraaanluivese o U
Sun 1.13
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¥ L2

dopdwild e mefigamgil 30°C, 50%RH areedidusiedninisivg 5 m¥s

'
a Y

A a o d' 1% 1 k4
LLasiwaaaﬂmqmmqm 10°C Aian1igdud Tinnisaeimausoutes

ASTUIUNTT LATUNDRTING RVDIUNNAUS

langmuua ¢ = 30°C, 50%RH, Q1 =5 m’/s, £» = 10°C waza1n1edusa (100%RH)
Tanglinm 192 wae i,

muuali p = 101.325 kPa

ad o

389 esanlutiagtuannsalreuinmesvielusunsululasvoridinma (Microsoft
excel) AumamauTienialdite lusegraiidliveuansiognanisduamm
AasauUReINABN
o AMNMTATUIUAIIADNNNADS bAAT vi = 0.8774 m>/kgaa, W1 = 13.47 g/kgua,

Wr=17.71 g/kgaa, h1 = 64.62 kJ/kgia, h2 = 29.5 kJ/kgia

Cooling medium

1 2
: |
| I
o | |
30°CDB et o
50%RH | Ajr I10ecDB 2 -
5m’s | 0 | S
¢] O T
| a p |
| 50 0 I

nit, hy,
v 1,=10°C 1,=30°C

gﬂﬁ 1.14 Usznausieensii 1.4

#lun : iy (2566)

0 VAN 7itge WMENSENUAT v adluaunsh 42 azla

tida = Q1/vi = 5/0.8774 = 5.699 kg/s
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o  NAUNTNA 34 Azle

hwa=4.186t =4.186x10 = 41.86 kJ/kg

0 LNUAMINUABIIUANNTTA 48 zlAUSUIUNISANEINAINUSDUYDINTEUIUNS

[

N

She

192 = titda [(h1— h2) — (W1 — W2)hw2]
— 5.699[(64.62 — 29.5) — (13.47 — 7.71)/1000x41.86]

=198.8 kW
o MNANNSH 47 lasnsinisivavestiinaus
1w = tidad(W1 —W2)
Jity = 5.699x(13.47 — 7.71)/1000

i, = 0.0328 kg/s
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174 AS:UdUMISKWAUDINAdDVANS:uaLUU:=LasuUan (Adiabatic

mixing of two air-streams)
Tuszuudsuenia agnunseuiumswalendla lupawaueinia (Mixing chamber)

N309090171ANAU (Return air chamber) ¥84.A389d9audy (Air Handling Unit, AHU)
Fadumswauiuveseinidnieuen (Outdoor air) fuennAninduanneluies (Return air)

IN5UN 1.15 91n1Aan1ei 1 92 N@ufuaInaani1iei 2 aussnuiduainmaaniiei 3
Un 1.15

195U
Y
Ma t W2
——r2
Air in
3 .
| 1
I /1
1 I \/”\* \\\\:‘ \.\\
| | /
| | Air out s/ N3
Maay | Adiabatic | T N, o
t |A1r1n Mixing b \\\\ /
Wi | W, 2@
l I
|
I
i hh 3 4
U 1.15 A52UIUNSNANDINARDIN T UALUUBZLALLURAN
i : §iTou (2566)
VINNGALRENIG
1I80INPILLIA: Hitdal + Mda2 = Tida Sland IP  (52)
walei: taat W1 + taaaWa=rasWs ~ Sland IP (53)

910099 1 manaslulauidng

Baszvnauautionayy Ingliinisaiewmanuieu szl

Mdarhi + Maahs = maashs Sland IP (54a)
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WAUAN 7itga3 ELA

hy-hy _ Wr-W3 _ mgql
hy-hy  W3-Wi  mgg

SI and IP (54b)

hy-h3 h3-h)

739 = SIand IP (54c)
Wo-Ws  W3-W

i aunnsi 54 azegluguves AWAW Jadudunsiiuandliluanansenay
vuunuglelasiuesn Ay ldunsyuiunsangai 1 1Uean 3 wasldunssuiun1sainyad
2 U991 3 Fevuuiu uazillosnisdaanssuiunisiynd 3 saudu datu 9ai 1, 2 waz 3
= | v = Y a a o A =i 9 Yo Ao
magumaumameﬂuummugﬂﬂmmma AagU 1.15 1aeqail 3 %aq%am‘uq@m f31

NS AT IANINNINELD

[

naun15h 53 Faguaunistu lansil

_ tggy Witmgg W)

W Sland IP  (55)

M3
f X a a v
WNUAT 4 YB991NIATUIINANNSA 32 adluanunsh 54a azla

Maa1[(1.006¢1+ W1(2501 + 1.86¢)] + ri1aa2[1.00662+ W>(2501 + 1.86¢)] =
Mda3[1.006¢3+ W3(2501 + 1.8613)]

daguaunisiu agle

_ mg,1 (1.006+1.86 W1 )t g, (1.006+1.86W5)t,
- #,3(1.006+1.8613)

ts ST (56)

_ mj,1(0.24+0.444 W ) t; +ing,n (0.24+0.444 W)ty
1153, (0.24+0.4441773)

f IP (56)

NAUNST 56 @NUNSONN £3 WHAEANTNUAT I weluszuuUsuannialaenalutiy

A1 W agdiandesunn Fsuszanadlwivnen 1.006+1.86W (#58 0.24+0.444W Tuniae IP) &

v v

AYINAU hazdniueanla setu Azl ;5 Tneussunuell
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Mg, 18+t
gy=—dal 1" Tda22 Sland IP  (57)
Mda3

Wolargaumgil 5 w3e W3 sraunsailuduinnuaudidu 9 10391n1AYUi

9 Y

209 3 19 wefraudnee1n wazdudou fatu 151390eulduseleosiannidunsitousening

9

a9 1 wazynn 2 vuunudlelaswein Inensaindu Wi vse & (0114 W5 azdady
wiugn Iy 1 isziluaszana) Wdadudunsadonad 1 wazqad 2 awldged 3
AagUT 1.15 9nuudseunnantivesonaindels
<~ 9
Tunsaiiige 1 waz 2 ieduliann arvsuasdungazialndifesiu Weounuan
. PN PN b a Y 1 ‘&1
fitda IMNAUNTN 42 asluannsin 55 uag 57 awle aaungll wazdnIIdIUANTUVRIDINA

naEulaeUsTa A9l

0,1 +0x0

fy=——2= Sland IP (58a)

03

O\ W1 +0, W

Wy=——2— Sland IP (58b)

03
e 0 Ao InIINISaLsUSIIRsURse1nA, m¥/s (cfm)
t Ao gungivesenia, 'C (F)

]
(%

w R amwzhumm%uﬁuma’m'm, kgw/kgaa (Ibw/1baa)
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dog1vi 1.5

91n1AN8uNY 35°CDB, 60%RH U1y 720 m’/hr wage1nIe
meluiesngamgiinssilizunis 25°C, S0%RH Usunas 5400 m/hr
Iaunauiundenauainie (Mixing chamber) WUUBELABWURAN

voumsasdsauiy (AHU) imaamgiinssiuizuis wazeuiy

AUNNSUDID N ANEL

landivua 1 = 35°C, 60%RH,

01=720/3600=0.2 m?¥/s, n =25°C, 50%RH, 0> =5400/3600= 1.5 m?¥/s
landlim 6 wag oo

mvuali p = 101.325 kPa

ad o

11 INAIATUIUMILABUNUADILA A1 vi = 0.9034 m*/kgia, W1=21.7 g/kgua,

waz v2 = 0.8582 m*/kgus, W2=10.0 g/kgua

VAN g BNISWNUAT v AL
titdal = Q1/vi = 0.2/0.9034 = 0.2214 kg/s
a2 = Oalva = 1.5/0.8582 = 1.7478 ks

Mda3 = Mdal + a2 = 0.2214 + 1.7484 = 1.9692 kg/s

0
© '\9009 42?
N °
N 4 Q
() ~ N
S N W=21.70
S (G
e
NS ™ 0\&\2s
> \Ocp = qu
\J‘d) 5
NS g 3 _
L. ", Wi=1132
N
N
AN Wr=10
. ........................................
OO/QR‘Y\ <
> 2
25°C 35°C
26.13°C

sUTl 1.16 Uszneusedsdl 1.5
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o WA W3 9naun1si 55 azle

B Mg W1itmg,nWo ~0.2214x21.7+1.7478x10.0

%
} g3 1.9692

=11.32 g/kgu,

o WA B ANNAUNITA 57 Azl

my,1t1tmgnt 0.2214%x35+1.7478%25
= dal l da22= ~96.13°C
g3 1.9692

INAITANUIULIAIADNNUADIN 13= 26.13°C way Wi= 11.32 g/kgu, vzla

'
=Y

ANNYUANTINSTYAT 3 WU 52.8%RH wavanununillalasiunin Weainidu w3 ludn

Auldunsa1ngan 1 1Ua91 2 am15081uA7 1 WagANNTUFUIMSAYAN 3 vuwnuiila

PPN v o Ao v
Tnaesnuiuneunla

175 Aszudumswulk3alaindrlulusmAnUUR:IGBUUan
(Adiabatic mixing of water injected into moist air)
iseranunsrvaunsnuledndluluennald lussuuusuenafidenisiiiy
audy Wy mswdleddnlulureauvenniosuSuornia daunswutittuerniadu wold
Tuin3osd1ae1mA (Air washer) lulsasmumedh fidsnisgumgiishudanutiugs fuiegs
Tusuft 1.17

'— %%
3-H- ey

m w3 M4

hw3 hw4

JUN 1.17 nsguiumswuiiviselauiluvesiiguudn
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VINNYIUAFNIA
118910 ALIAS: Mdal = Tda2 = Nda SIand IP  (59)
walei: 1w + MdaWi = s + MaaW2

M2 — Hilwl = w3 — s = Htda(W2 — Wh) Sland IP  (60)

21009 1 muvesiulauidng

Basgvnauaudionnaty lagliinisaewanuseu agld

Hdathy + mw3hws = Maaho + mwahws

taa(ha — h) = mwshws — [Mw3 — Mad(Wa — Wh)hwa

mda(hZ - hl) = mW3(hw3 - hw4) + n.’lda(W2 - Wl)hw4 SI and IP (61)

nszuaunIsTnuYn; lunsgurunsnulIty enAaggniiliisou nieLduas nie

919929V liYu niawiinld Juivaungiindevesianeauritiiuiny (Mean surface
° U a ) & a o A | v o
temperature of water droplets, ;) §19suRIeaUtU IWuRUenamsaaemlaniaim
Foudula uarANTauLE LgiiFn19UaINTEUIUNTHUNTY AUA UMY Laza Uil
1911 W aN15UINTEUIUNSWULIVULNUAT LolAasiunSnlus U 1.18 9sAnnsEuIunIg
Y o

samaluil

N32UAUNT 1-2a: 1NANSOU LazAuau (Heating and humidification) (¢ > #1)

Weaundl  daAraendngumgionaniyan 1 dnasaiemanuioududa uazay

¥ [
A =

seiwsnanaduloddnluluennmariliennaseuunasiuau
N52U7UN15 1-2b: uANNYY (humidification) (¢ = t1)
Wogaumadl 4 dAiniugumgiienniangan 1 Wdskdinsaiemaiusoududa

wivzsesnateulavinlUluenenazyinliemaTuly
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N52U2UN1S 1-2¢: vhmauduuagiiiuas@y (Cooling and humidification) (7 < £, < #1)
Wegunqd ¢ daArsenineunginseilizilenveseinia (%) Augumngieniad
97 1 thazanemausauduia (Sensible cooling) warszmenaawduloundnlulueinie

iiernmaduas uazuay lngerniAgavingaziiounnalgedu

ty t* L

5UT 118 nszurumsniutiuuesligwudn

fisn : L8 (2566)

nszUuNs 1-2d: yhenandy uwasiinmuy (Cooling and humidification) (¢, = r*)
Wegaungdl £ wirdunszizilenveseinie (%) 1997 1 01N AazLEuas Lastudu

WuieatunsyuIunsneunt lnerdudmneanssuiunisasdudugamginsszdened
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nsTUIUMIS 1-2e: veuduuasiiumnady (Cooling and humidification) (#; <z, <t*)

Slogaumgd 4, ﬁﬁhszijqmmﬁ@@ﬁﬁﬁwaqmmﬂ (ta) NunsziUzlonvetenia
(*) i9ail 1 nsgvaunsawmiieutunszuaums 1-2c wiomefiangaayneasiiioumal
anas

N52UAUNTS 1-2f: Ay (Cooling) (4 = 14)

Slonnmagdl ﬁﬂ"lL‘ViWﬁquMQﬁﬁmﬁﬂﬁ’N%mmmﬂ (ta) 9ot 1 daememanuiou
duidlviiuennia uazaglissimedenie

nN3ZUIUNIT 1-2g: e unazanmTy (Cooling and dehumidification) (# < z)

dlegaumgd 4, méwﬂdwqmmqﬁgmﬁﬁwwmmmﬁ (ta) Aol 1 thazdremanudou
Suialifuenna wazazslilediluormandusnanadunentn vldennimdy uazus
Aa1eAUNTEUILNSTIIANLLEY

n’izU’Jumin}:’] Woe (Evaporative cooling) M%’e]‘lai:!% (Steam humidification);
Tunsaiffunisiuloth wiemsnutWesdlUluoimagetide fawisavilimiszime
naneduleldionuaty Wedmnenveunatiivesnicly aun1si 60 uaz 61 Seaunse

[

Feuduaunsludlasd
tda(ha — h) = mwhyw = mad(Wa — Wi)hws

1NFUNIT WINLSINTIVANILDINIAVNTY WAL ity AANNITONIAT Wa e Ao le
N ﬁﬁwlﬂwwﬂé’muuLqugﬁlﬂﬂsLmﬁﬂ fagmauaudfvasaniaeanle uiluvae
= ! P & A v av . = o
n3el 5e1AMTIUKA VNN NIBANTUNanIzanvine tneflainsu my, Jelunsaliag
ANUIAYANNTTERENN FIADIDIFEALNAATININANLYRE

NAUNTN 60 waz 61 Azla

hy-hy
Whr-w

w

[

vsaeulvieglusy AWAW \g&ai

Ah

e I Sland IP  (62)
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NAUNITILTWI A By TEWVIAY ARAI Taan AWAW i \Jusniluanseog uu

awnansaenay Tuwaugilelasw@n Ay mnsmsuaauautRvesivsalounniunu

' 1%
o ©

Aausathllainiduuuainans neanadiiiatdutdutiimiaweanssuiuniste nsandduiny
nsgwaun1snaglndldeaiunssuiuns 1-2d lugun 1.18 wadwdumsihlernddien i, genn

1Y Azyilmduiyadsenunssuiuns 1-2a sauanadusiegalusun 1.19

v 1 al

ANAUNITN 62 ASUNUIUIUINULIIETEUU L1 aUAT Ay FIANUSEUN 4.186¢

Y

(30 ¢ 32 Tumibie IP) mngauiuan AW Faifianieeynn fagldl Ak dosunn wie h uae b 1l

' v ) Y = v ) a = v &
ATNALABIAU (h ~ constant) 1uLD4 PINILARIWNUNILVIUNNTRUNNUNTELUZIUN AIUU

= a 1

gaungiinsziUwlenvesnssuiuntsnuindadaninalfesiu dmsuinaulourfinuundily

lueniady aw1snangunil wazsiiuauyulidveiniale wiazldlynszuiunis

WUUBELABLUAN I 1ginsanemanuseuiulnnIAIuaNsenInenseuIung

team 100°C

=S

mda I <\ I mda
mvl N == me
tl | Air <= | P
L ~ | &2
M <" LE
| I
I i
mw ty hw t]

JUN 1.19 fpgaduiinianseuiuniswudl viieleun wuvssiieluin

fiyn - HLTEU (2566)
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TunsdlfpansUsenuan £ WU L51EU150UIANNISBUNIAUINIZVBIBINATU

(@1n157 32) Wunuadluaunisy 61 azla

1.00662 + Wx(2501 + 1.865) — (1.006¢1 + W1(2501 + 1.8611)) = AWhy  SI
1.006(t2— 1) + 2501AW + 1.86(2Wa — 11 Wh) = AWh, SI
0.2408 + W(1061 + 0.4441) — (0.24011 + Wi(1061 + 0.4441) = AWh,, 1P
0.240(2— 11) + 106 1AW + 0.444(t2Ws — W) = AWy IP
dlo AW = Wh— W)

1S UN1TUTEUIUA Y L agn1uuald 1.86(Wa— nWh) = 1.86tmAW (M50

0.444(6 W5 — 1 W) ~ 0.4441nAW Tumiine 1P) wazluszuuuiueiniamily aziuali

tm~ 24°C (75°F) unuamanunasiuannis agla

trx 11+ (hw— 2546)AW ST (63)

tr~ 11+ (hw— 1094)AW/0.24 P (63)

| A v <, | & ¥ L & 2 0 oAy | Y] v v
A laanaunts WuaUszanaludasduwingdu dea1ataas ldaiunsaldauls o0

‘ﬂl a U 1%
07 2 1nendufiiveNAluLn

Mpgwn16  91ANeueni 44°CDB, 24%RH Us11as 3600 m*/hr Wiasiuieauletn
Anundrlulueinia d1desnsangaumngioniAaunde 28°C azfas

NuNUSLnle

landiviun ¢+ = 44°C, 24%RH, 01 =3600/3600 = 1.0 m%/s, , = 28°C
Tanglin s,
fsuglst p = 101.325 kPa wazgaumgiifivu (4,) = 27°C uarauyAlvidunssuiuns
DYLALLURAN
35911 MINNIAUIUMIBABUNLABSLAAT vi = 0.918 m’/kgaa, W1 = 13.89 g/kgua,
h1 = 80.13 kJ/kgda,
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Y

o W I uae ritde VIS
hw = 4.186t, = 4.186x27 = 113.0 kJ/kg,, %30 0.113 kJ/g,
titaa = O1/vi = 1/0.918 = 1.089 kg/s

PNAUNTN 62 a8l AB/AW = hy, = 0.113 kI/g, drluarnidudinisuuaina
ARTINAY MNUUAINEUATIINRAT 1 vunuiuduive lUdn £ =28°C vuwsugillalasumnsn

azlenszuIuUNIg Masuf 1.20
3Un 1.20

SENSIBLE HEAT _
TOTAL HEAT

=
~
: ~/
ENTHALPY __Ah o)‘b (\e\
S

HUMIDITY RATIO  ~ AW " ~

1 Humidification 2
| :
- I
3600 m'hr | = I
44°CDB: Air |[=_ lzgoc
24%RH -
B
]
I I 1
Water
27°C

1,=28°C
5UN 1.20 Usznaudiegei 1.6

i : iy (2566)
o nunugillelasiunsn A1 Wa=20.75 g/kgua, ANUTUFUINGIAY 87%RH

lUmUsunanIsHuinaun1si 60 agla

7ty = maad(W2— W1) = 1.089(20.75 -13.89)
mw="T7.47 g/s
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ddog10f 1.7 91n177 24°CDB, 30%RH US119¢ 3600 m*/hr #a9an1siiuAINNTU
duimsliiuenian S0%RH meniswuleun 110°C wWgszuu Tvim

USunaunisviuledn wazaumgiigaving

langnvua # =24°C, 1 =30%RH, Q1 =3600/3600 = 1.0 m*/s, ¢ = 50%RH, #,= 110°C
Tandliim i, Wag 6
mvuali p = 101.325 kPa

ad o

3591 MINMIAUIUMEADLAIADILA A1 vi = 0.849 m*/Kguu, W1 =5.61 g/kgua,

h1=38.42 kJ/kgaa

o  ANFUNT
hw = hg = 2501+1.86tw
=2501+1.86x110

= 2705 kJ/kg, %50 2.705 kl/g.
titga = Q1/vi = 1/0.849 = 1.177 kg/s

0 NAUNITT 62 A8ld AWAW = hy = 2.705 kV/g, ¥ldarnd uihniavuaina
FRmINaL NHUANEURTINgat 1 swwduiutvmie lWdneududuingd
¢2 = 50%RH vuunuilalasiusdn alddunszuiumsiasuil 1.21

o MNuNuIIlalATAIN A1 £ = 24.8°C, W= 9.9 g/kgu, UlUmMUTIIUMTHY

lovmeaunisn 60 azle

1w = titda(W2— W1) = 1.177(9.9-5.61)
nny=5.051 g/s
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)
o — — _

1 Humidification 2 cC; Q\y\
i : = ASI°
_ | g
3600 m'/hr | P R _
N | i N | 1 - Wl, 5.61
24°CDB I Air (= I50%RH °
30%RH _
I < | 2
. | \
! i ! <,
Steam O%
110°C

1,=24°C, 1,=24.8°C

sUf 1.21 Usenausheeed 1.7

Y
i : HITEU (2566)

176 AS=USUMSIEANUSDU Ua:IWUAUE UlusMALUUD=LGoUUEanN

(Heating and humidification process)
LS1ITNUNTLUIUNTTIAAINUS DU waziuANNTUluaIna talussuuUsuainien

ABIN1IAMULNUEGIFS Fa9199Es0sdn1TvAlEAINTou Lazauuluglan TeuedIy
(Part load) N3zUIUAITAINETD @INITATLATIZALENAUTENINNTZUIUNTIRAILSOU U

nsnuletn Seaziias1ersAuAle Tunsainisiasizusiy azlsauniseasaluil

VINNGALRENIG

11881 ALIAS: Mdal = Mda2= Mda Sland IP  (64)

waloth: titdat Wi + 1t = tiraaWa Sland IP  (65)
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9InngTe9 1 nrmeslulauidng

Aaszianauantionniatu ald

Hdath + mwhyw + 12 = Maah Sland IP  (66)
Heating medium
1 1 2
L 1 E |
) E ¥
I - |
mda | qu <\ | fi’lda
. ~ p
m,, H = W
i Air =
w, | =y,
| =
I > 5 |
n./lM/ hw
Steam

A b

5UT 122 nszvrunislianuieunasiiuaiudulueinie

fiun : §iTeu (2566)

NNaAUN1TN 64, 65 uay 66 IngUlnal agle

Ah

—_— = it + M
N 192/1y + h Sland IP  (67)

INFNNITILLAUIT AUNITA 67 ﬁé’am%’mlﬁasﬂugﬂmm AR/AW Vu@nNan319nay

vounuilalasiuninla
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hogof 1.8 81n1A7 13°CDB, 90%RH U318y 7200 m*/hr Inas1ugunsal
Tinusounaviiunudualentsvuletnidgamgdl 110°C au
amallgamaiinszidizuis 20°C, 65%RH livnusunanisviuleun

USunuanufeuiennalasu uargamgiloiniaiesnainaeeaiou

lavgmmua # = 13°C, ¢1 = 90%RH, Q1 = 7200/3600 = 2.0 m%/s, & =20°C, ¢» = 65%RH,
tw=110"C

Tandglim rin, 192 e trr

muuali p = 101.325 kPa

a

35911 MNNITATUIUAILADUTIADILA A1 vi = 0.822 m/kgaa, W1 = 8.48 g/kgua,

I = 34.49 k)/kgaa, Wa=9.58 g/kgaa, hy = 44.44 kJ/kgaa
o ANAUNIS
Fow=he= 2501 + 1.86£, = 2501 + 1.86x110 = 2705 kl/kg,, 3o 2.705 kl/g,
tida = O1/vi = 2/0.822 = 2.43 kgJs
o nauMsi 65 mensmsnuletlasad
titw = titaa(Wa— W1) = 2.43(9.58 — 8.48) = 2.68 g/s W3o 0.00268 ke/s
o anauMsh 66 mensmsliaruSeutueinia lded

192 = Hga2ha — Maa1hy — ninhy = 2.43(44.44 — 34.49) — 0.00268%x2705
192=16.96 kW

o naumImNTeuduia aunnsi 39 azld
192 = qs = tda (1.006 + 1.86W)(t1— t1)
tr =13 +16.96/[2.43x(1.006+1.86x8.48/1000)]
fir =19.82°C
ISl o wuusIniilaenisuis Insendoainanissnansiudu

A1SNAITUINTEVIUNTIIAINUSBULaNTEUUNSHUlwenaana Nty Inedlvunaunadl

1) annduth et AWAW = hy = 2.705 kJ/ga, wdannidunszuiuniswuleun

91997 2 TUNUAULEULINIG ALEASUSUN 1.23
9 I
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2) anduNTEUINNMIANUTaUANLaaInga 1 lunswnie audndudy
nsvuunsiulen dednilafegn 17 dsanslusuin 1.23

3) 81uAn f WisluAuIuY 1g2 MeEINSh 39

e
O
x>
m@”’ o 24 W>=9.58
Heating medium < QO\S‘ (=]
1 | v 2 9 g
L i | @
' | ° heating 1'. W, =8.48
: 9 |l= | 1 I
13°CDB ~ N
. = 20°CDB
90%RH | Air <" |65%RH
7200 m’/hr | - |
| =~
l |
Steam
1=13°C #=19.8°C £=20°C

Ui 1.23 Uszneusnednadl 1.7

lun : 1T (2566)

] J ’ 1 ] Ly d' v a &
103U AU 151EEnsavan 1 lalien wangdwmsuauiiveuldunug iy
fraelun1sieseat Jeagiudn Weownldal a1 uda 5ausaman g2 elaglinesm

~ L Ay v =~ a & v =~ & [ i
LAUNIAUVBIBINA me‘wlmmf\]%mﬂ’nuﬂmm%auLaﬂuaEJ L RIINLUUNITDIUAN

UULNUA
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177 as:udumsiEAnusaunaswuaNudulufaolsuoma (Space

heat absorption and moist air moisture gains)
TuiaUSuaINIATY 1573N9EAaanUSINaNIewaran1zaIneRaewn Ul uies

YFuanAiiegaduanuioukarauduluiesufueinia nszuiunsiuvisaUSueiniaiu
WLl pUNUNTEUINN T MIANLS aukasiuaNud Ul uanaluid et uun sakanslusui
1.24 @A UaNNSA G NISIATIENUY 157198 10aUN15A 8N UANNITUBINTLUIUNNT WAL

FouuaiunguluenNe widziandviodlumenvesrnussuduiauasauTauwemY

_ 1
Mg :
fl I
Wi ™
2
17 7 —I mda
I 4
; I 4%
m,, h,
q A t
5UT 124 nszurumisluiesdiuenie
i : §1Teu (2566)
NauN1sh 66 Weulvegluguvesrnuioududa uazainuiouudls lassil
Hdah1 + s + Z(mwhw) = Mdah2
ED)
qi=qst qi Sland IP  (68)
e q Ao AnusousIuiionelasu (Total heat) 108 g, = ritaq (ha — h1)
gs Ao AUToUFUNE (Sensible heat)

qi Ao AuTouLels (Latent heat) 108 ¢i= Z(zitw hy)
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dngulvieglusUresdnsduniueududasla

Hj
= = q/(qs+ q) SlandIP  (69)
t

We  H/H, @9 dnsdunusauduiavosmias (Room sensible heat ratio, RSHR)

PNAUNTIZLIAUI 1580150 [FaNaR3 enau UL T lglaswes nung Az

nszvaunslauneiu (lunilsdeves Carrier 9x1dA197 factor LniA1I1 ratio)

(og1vi 1.9 Januseuduianunluresusuainid 9 kW hazilausouweladn
11luria9 3.83 kW @a3n151191n1eLdudunluiesn 15°CDB Lile
ilesuSuemaiigamgd 25°CDB, 56%RH lvn1dns1n133neg

2NANNN L URRIUSUDINA

langivun ¢ = 15°C, &2 = 25°CDB, ¢>= 56%RH, ¢s = 9 kW, ;= 3.83 kW
Tanglim g, wagdnIINTIaluTung (Q) 18300
muualy p = 101.325 kPa
Fri mnaunsi 69 azld
HS
7~ 9@t ) =9/ +383) = 0701
o Al Wannduimsuuanand sanay mntuandusssanged 2 suuluiy
duthms e 6 = 15°C vuwwugillalasssnaglfidunszuiums fagui 1.25
o Anunugillelasiunin a1ue vi = 0.829 m/kgaa, k1 = 39.2 kI/kgaa,

[

V2 =0.860 m*/kgu, h2 = 53.7 kI/kgua WATANUNTONIAT Fildy Tgrsied]

tda = (qs+ q1)/(ha— h1) = (9 + 3.83)/(53.7—-39.2) = 0.885 kg/s

(%

o WENIINTIMaIUINING (Q) veseniAies lanail

Q1 = ritaav1 = 0.885x0.829 = 0.732 m*/s %38 2636 cmh
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SENSIBLE HEAT _ Hs
TOTAL HEAT Hr °

S
.
5 R
_an g S
Taw QLQ} 12
2 S P12
5 S~ 4o
- ‘@ < \537
S <).
% 795 U\
2 o
- \ '(f)
\0 %
‘P
)
t=15°C ,=25°C

sUfl 1.25 gUusznauieged 1.9

1 : ey (2566)

178 AS:UdUNISAQANUEUluDIMALUUD:IGELUANGIDaSIAD
(Chemical or desiccants humidification)

AsTUILNNTE Wulmum‘%'mammm%uuwﬁmimﬁ (Desiccant type humidifier)
Tneldansgnanutu 1y 38nuea weaileudauln viodifounaolsd arsganuiduiiy
wialedu 2 Ussamlvg) 9 Ao LLUUﬁQﬂ%’Umm%uLLé’aLﬁuﬁﬁﬁiaqimw’jﬂqﬁwaqmi a1399
AT umEEEnT Agadurinuetuds (Solid adsorbent) 1w Fanuaa Uudu diudn
ﬂizmmﬂuﬁuaqmam%amﬂma«,tﬁq%qLU?{auLﬂuﬁuaqmmLﬁ"a@dﬂ%’ummﬁﬁu m'i@mmm%yu
méwﬁwgﬂﬁaﬂd’] a139Adu (Absorbent) 1u Aiisuaaslsn leisunaelas vioindouns

1

1AT0IRANNTURULE AERanNtLlANIn TnganunsaangamianIAweteINIA

q

195 -15°C (5°F) Feaellaniussuuliuernia Nfeinsnnuausiunn o 1wy ugnavmngsy
AYINUNNSHNARY LALATBILUURITITIANADULIILNG
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nszvIuNsanaTulueINAlLIzisT udliso MAT Ul W IRAANYTY Toun
luanmeaggnaneenluneuivasgainlisnsdiuanuduvioenanat lagasnanIuTy

LANYNAINUIATUDINIAIUDINFAVIDDN LD URNTAITU AIwandbusUy 1.26
9 Y Y ¥

e, he

1 ty, ity hyy 2

i i | I

| i X

I e I
Mga | i | Mda
mwll ] g lmwz
1 Air s 12
w, | g | w,

I s I

| o |

' —wE A 1

mohc,a Zl tZ

5U7 1.26 nszuiunsananudulueiniasigansiadl

fiun : {L8U (2566)

WIDIATIZINTEUIUNITAINANNL LI AUNITAIN

INNNAUAFUIA
11881 ALIAS: Mdal = Mda2= Mda SIandIP  (70)
walerh: titdat W1 + 1t = titaaa W SlandIP  (71)
mami@mmm%u: Hle,a = Hicb = e Sland IP  (72)

InngTe9 1 niwmeslulauidng
Mdath + mechea = Maahy + mehey + mwhy Sland IP  (73)

Rnaun15 70 81 73 daguln leglvihesnluivaisgaanudu doaumniidediu

gaungilonimvieen agle

Ah

— = hy—he SlandIP  (74)
AW
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310 Be = hea— hep 30138077 AN1IRATUAIILSEU (Adsorption heat) fiviienu
kJ/kg (Btu/lb Tuniae IP)

91naNNIsN 74 azwiuin aun1sdnsdalieglusures AW/AW Wdn Aausnds
aunsaldainansaienay WusmglunisesnuuulaluieifuimdeaNuiumln
Tunsaifaensuseuaia & $1EU50tAEUINAT I ML UBIINAT UANNFUNTA 32

wazouaUvesdmgnaneentu =~ 4.186¢ (hw~ t— 32 Tuiie IP) tnunuadhuaumsi 73 gl

1.006t, + W2(2501 + 1.86%2) — (1.006¢, + Wi(2501 + 1.86t1)) = AW(4.186t— ho)  SI
1.006(t2— 11) + 2501AW + 1.86(12 W2 — 11 W) = AW(4.1861— he) SI
0.2406, + Wa(1061 + 0.444%,) — (0.240¢ + Wi(1061 + 0.4441) = AW(t,— 32— he) P
0.240(t2— t1) + 106 1AW + 0.444(6 W — 11 W) = AW(to— 32— hc) P

Wia AW = W2 — Wi uag f, AoRUNNU8IENTANAIINTUIIDEN

AMTUNITUIZINUAT L AMUALA 1.86(Wa — i) = 1.86tmAW (Vi3 0.444 (6>
— 1) ~ 0.444tAW Tundae TP) §aluszuuusuennianaly azdinuald m~ 24°C

(75°F) antulvuAianunasiuannisagla

tr~ t + AW(4.1861,—2546 — h.)/1.025 ST (75)
th~t+ AW(t,—1062 — h)/0.24 P (75)

Jadeflasyilv AW/AW vuainanissnaudssuuLInAe AnsgaduauTou
(Adsorption heat, 4.) %wzﬁﬁuaejﬁuﬂianm%aani@jmﬂaﬂm%u LLazmm%uL%'méiuﬁummi@jm
mudy Inealundn ms@mmmﬁu%ﬁm he Uszanae 100 — 800 kJ/kg floe1aiau 910
ToyAv0IUT YN UAaTa (Munters) ﬁ'mﬁmm%"aqqmmmﬁyuLLUUSN;’Tymgu (Rotary
Honeycomb) ﬁiﬂfﬁ’%ﬁmtﬂumi@mmmﬁu U590 UENTWINAU 2.5 m/s (500
fpm) uazdgugdveenie ﬁ'ﬁwmwmamﬂm{uiﬁﬁuaﬁmmmﬁyu (Reactivation
temperature) Uszanas 120 — 150°C agdiAn A, Uszanm 700 kl/kg widnernafitnanszuie

a1

AT fgaumgiluszanns 90°C fAawdlan h.Uszanad 400 kI/kg (Munters, 2022) ity
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