M3UsERAINNTIATEYIEIMINTIIATOMNALIUTEIMALNY AT 33
Tuil 2-5 nsngIeu w.A. 2562 Jmingnssnd ( w

CST - 018 l|| sNET TS5

ATUSAINSSUAEANS
UHDNNAYUHIATSAMUY

WUUTIABAUTIRAY 3 TR V2IN5INATBLINIALAZATIINTEANBAIVBIRUNNILNYINUIEAI LAY
dunedeauiaunteluiasinetng
3-D Numerical Modeling of the Air Flow and Temperature Distribution for Predicting

Thermal Comfort in the Sample Room
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Abstract

Thermal comfort is a key factor of building design which helps to create an indoor
environment comfort for occupants in the building. This research aims to study and analyze the
characteristics of air flow, temperature distribution and thermal comfort in the sample room with
occupants inside and having air conditioning in operation. A three-dimensional (3D) sample room
model is implemented by numerical simulation with computer program and is solved by using finite
element method (FEM). The time-dependent fluid dynamic equation, the time-dependent conduction
and convection heat transfer equations coupled with the time-dependent Bioheat equation are

solved to predict the characteristics of air flow and temperature distribution inside a sample room.
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The effect of environmental temperatures at the entrance on the characteristics of air flow,

temperature distribution and thermal comfort in the sample room is studied. The numerical simulation

results are compared to experimental data to verify the accuracy of the present numerical models.

The results show that the simulation results are in agreement with the experimental data. The

obtained result may be helpful in recommending building design to provide comfort to building users.

Keywords: Air flow ; Heat transfer ; Computer simulation ; Thermal comfort
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souunuazuanslugui 1(v) wazdvualsisios
fogreilgumaliFudu 31 °C Fadurgungiald
nsinngluies
2.2 Msraedlusunsutenaunnes
nsraedusunsuneufiunesiiednseinig
TnavesoniAanigluies WWulgnimedunaeians
v99lna (Fluid Dynamics) @1u1snesuielaann
aun1saaudeio wavaunisunies-aland
(Navier-Stokes Equation) saaluil

aun1sausiewios (Continuity Equation)
—+V-(ou)=0 (1)
V(o)

aun1suIes-aland (Navier-Stokes Equation)

pi—j+p(u Vu =
P (2)
V-{— pl+,u(u +Vu)T —E,u(V u)l}

dlo p e AAuvuIuLuYeteInid (Density
of Air (kg/m?)) u fe A1AI1ULSIVDIBINA
(Velocity of Air (m/s)) ¢ A9 13a1 (Time (s)) p A8
A1NLAUYDIDINA (Pressure of Air (Pa)) 4 B A"
Anuniinlauiiingesannie (Dynamic Viscosity of
Air (Pa.s) way [ A9 AVULEDSUDIUUNRTAD
lendnwal (Identity Matrix Tensor (-))

Tngans19il 1 azuansAnauandRvesernaly
TunsAuie
A379it 1 Anuaniiveserniafildlunisdiuam
[2-3]

Properties Density Dynamic Viscosity
p (kg/m?) u (Pa.s)
Air (31 °Q) 995.41 0.000781

LAENITIAIITINITONEWMANUSDUVDIBINA
Melured NI15UINITANEWMANUSDUAILEUNT

ASNIANNSDURIELNTHE lUT



mMalsggainmaiatednglmnssuinlonauisusemealng a3 33

ATUDFADNSSUAMARS
UKIINNagUKIATSAIY

oT
e, 5+pcpu-VT:V-(kVT) (3)

dlo p Ao AAnuMUIMLLYEIEINTA (Density
of Air (kg/m?) ¢, Ao A1AugANNToUTUN L
WBI81n# (Specific Heat Capacity of Air (J/kg.K))
k e Arduuszaninisiininudeuvesennid
(Thermal Conductivity of Air (W/m.K)) T @8 @1
gunniveseIne (Temperature of Air (°0) uas u
fio Arrusaenae (Velocity of Air (m/s) @l
nnsealuaunsd (1) was (2)

AUNNTNTONWANNSBUMENTITIIANNS B UY
gninldnglumaliaseinisatemainuiousiu
nfIveeTasiing1e deaumsrolul

dun13n13uIAuseu (Conduction Equation)

oT
pe,—=V-(kVT) (a)
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AUNITNNTANUNAIUSBUNITININ (Bioheat
Equation)

or
Piepi s+ V- (kVT)= ©

pbcp,ba)b(Tt_Tb)+ met

dledydnuwaldivion r way b Ao oo
(Tissue) waz 1aan (Blood) audau lae p A A1
ANNUILLY (Density (kg/m?) ¢, AD A1ALY
ANTDUTUNIE (Specific Heat Capacity (J/kg.K))
k Ao arduUszaninisuinaiudou (Thermal
Conductivity (W/m.K)) aI1816u @ Ao 8m3101T
LNTNTEA18A21989L800 (Blood Perfusion Rate
(1/s)) T #e Argungil (Temperature (°0)) Uag
0. . s Audeusinnisduniuneluiede
(Metabolism Heat Source (W/m?))

naunsil (5) meumsdneiiofomeniidueg
AULIAT LAZBNYRINITUIAMNTOU dIUNDNATU
ailevesaunisit (5) Aoweunsunsnszaeiives
Fen wazmeuaudeunnmsdumunsluiiede
n3e91nN15duUnIUN8luT19N18 Mua1aU laean
anauiivmuseurendodeuazdonizuandly
ANS9T 3
A157199 3 ﬁwqmauﬁamqmm%wmmLﬁal,?jaLLaz

\Henay [6,7]

Properties Tissue | Blood

Nda [5]
Properties | Density Specific Thermal
Heat Conductivity
Capacity
p ¢ k

(kg/m?) | (/kg.K)) (W/m.K)
Air (31 °Q) 995.41 4159.13 26.693
Wall 160 1400 0.024

Density (kg/m?) 1109 1000

ANNNTAITABNAINTOUNTINN (Bioheat
Equation) #iseaun15lulednues Pennes (Pennes’s
Bioheat Equation) 1duaun1sfildlun1sinsizsinis
demarufounisluireniouyed Jauansfenis
a"lsJmmm%auﬁLﬁmﬁ'ﬁumaiuﬁwmawwéma

F1019 IgANNITNITANYNAINNSDUNIIYINTNT

v
19

YUAUIALEAIFIEUNITN (5)

Specific Heat Capacity (J/kg.K) 3391 4000

Thermal Conductivity (W/m.K) 0.37 -

Arterial Blood Temperature - 37
Q)

Blood Perfusion Rate (1/s) - 0.003
Metabolic Heat Source (W/m?) - 865
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\Benufeudilafunissensunazgminnyseyndly
uniign Feaunisi@nwinaziamilag Fanger [8]
Tngfuaunisifiodnaadviinnenislmaieis
Fawansluaunisd (6) Invaunisiagdsznaude 2

ALUsvan Ao AIkUsnN19n180IN (Ambient

[ '

Parameters) Lawn aunniea1nd, ANULSIINA,

ATUELTINS, guunginisunisdiads uasdiauls
31nyAAa (Personal Parameter) LauA 8031N1541
nannsy wasidenfiansldvostogendelusios
Fvan1rANaUIsIsuULy 7 9a9egszning -3
fis +3 lngArvirlsdanaunsazegszwing 0.5 fq
+0.5 aunsildlunisduanedsiviunenisinag
dsuansiuiolui [a]

PMV =[0.303¢ 5™ 1 0.028]

{(M —W)=3.05x10[5733-6.99M —W — R,]
~0.42x[(M —W)~58.15]-1.7x107° M (5867 B,)
—0.0014M (34—T,)—-3.96x107% £, x[(T, + 273)*
~farhe (T =T,) 6)

o M A9 §R5INISIINAIYNANIUYBITINNE

a

ATusgnuianssy W/m? taslunis@neidle

Y

' o

Avualiyededuedlunite FaaA19nsIN15IHY

Y Y

NANYNANIUVDITINNEWINAY 58.2 W/m? [9] W
fio munsuan (W/m?) ddunisdnuiiimueliill
fiarsanaunieuen deiidmiadu 0 W/m? [4] P,
Ao AnwAuleaInie (mmHg) 7, fie guvgienie
() Fslunrsfnwrifiarsmgungiivesernialy
FILLUUNATUUUATEE UWYUAIUGIY UIUAIUTIT LAz
AUANYDIUIAYTOUVBILUUTIADIBI YA

[

nwluvies £, Ao ﬁhﬁmwdauﬁyuﬁﬁﬂﬂﬂquma
dodidefiufiudos () T, Ao guugiinisunied
avufou (°C) h, Ao ArduUsEavsnITnIALSeu
(kcal/mZhr°C) wag T, Ao QUUNLN18UBNYDY
dofh (<)

Tosanusuleennia, P, wildanaunisi (7) [10]

Fui 2-5 nsngnax w.e. 2562 Fmingnssnd

%
CST - 018 meNELTSS

9

MAHASARAKHAM UNIVERSITY

P, =%RH P, (7)
WBNAITUIAIAINUTUVDIBINA, Y%oRH WAU
50 % [4] wazauauloududlueinia, P wile
1NFUNI5N (8) [10]

Cl
expl—+C, + G3T,
R,S = Tabs (8)

+Cy Ty + CsToys + Co In(T,, )]

dlo €, =-5.80x10°, C,= 1.3915, C, = -0.86x102,
C, = 8.18x10%, C, = -1.45x10%, C, = 6.5060 uay

T, =T, +273.15 9)

Tnvgaungiiniswisedauion, 7, awnsamle

Tugaunsi (10) [9]

0.1 8(Tup + Tdawn) + 0'22(Tright + Tleft)
+0'3(T'mn +Tac )
T = front _Pack (10)
2(0.18+0.22+0.3)

WD Tup’ Tdown’ T;’ight’ Tleﬁ’ T Y Tback Ao

front

a

UNNNLRAYNUSIUVDUYBINTIY DI bAKA UL

Y
¥

VAU NUATUENE NUINIIAIUVIT HTINI9AIUTGE

-0

NTRNNAIUNT LAZHTINIAUNAT muaau
TneAduUszansnisniausou, h, @wnsan

I&luaunsi (11) [11]

h,=12.1Jv, (11)

dio v, AeArmuiavesoInIa(m/s)
lnvgaumgiineuenveden, T, a1uisamile

Tuaunisi (12) [4]

T, =35.7-0.028(M —W)-0.1551,

{3~96X 107 f,, [(Tcl + 273)4]+fclhc (Tcl -7, )}
(12)

¥

e 1, Ao Armnanduauiuvendedn (clo) delu

nsfnuiinvualidedenfuauldidedilugigg

Sou Fafien 1, Wiy 0.65 clo [11]
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Waes, £, wldanaunsii (13) [11]

1.00+1.290- 7,
for 7., <0.078 W/(m?* -K)
Ja = (13)
1.05+0.645- 1,
for 7,, >0.078 W/(m* -K)
wazAnUosidudnnuidnliavievesfogendelu
%89 (Predicted Percentage of Dissatisfied (PPD))
Feardufuaduidviuenisinaeds szudandy

aun1sii (14) [4]
PPD =100 —95¢("0-033S3PMV +02179PMV?) (1)

2.3 Revlvvoulwn

dwuleulvveuindmiumsiiaseisuuuy
N15Mav8401N1ALAENITNTEINUAIVDIQUNY
aneluoseisil

1) wuudnaewies 3 UF WIITUMUUANINT
TRUWNU (Axisymmetric)

2) Feoulvvoulwanuumadi (nlet) M52
wagguugiiveseinianiauiianaIesueinie
ieiingonianeluriesinliiAnnisiadeuil uas
nan13vesganginieluies lnedrarnuiuas
gamgiveseniainiadiliainnisaasinisin
Tnganunazegamgiiveserniafineii 2.7 m/s
WAz 23 °C MUEAY

3) Woulvvoulunuuunisesn (Outlet) o4
\3eauuamaimualirufuresenAiniy 0
Pa

1) vinawdnuuenfinnsuileulvveuiun
WUUNITHIAIINTOUVBIQUNANTAIIUTBUIIN
oImAsuUensguUngiia Ndwiuntafienis
ranuseuldigennianigluviesdiaefiinualv
gumgiineusniNiy 32 °C uazdimduusyansnis

WIAUSau () wihdu 0.125 W/m'K
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5) NTUIRI9VBILUUTNADIYBIUTENOUNIY

AN ANITHANUATUAIIUSOUNULAILAR

= b4

ANYUDNAILNITHESIEAIIUSEU (Radiation) 1o e

£ ,

Avualiadulseansnisuassdausieu ¢ windu
0.95

6) waunariuresiiualdiduideuly
vauwakuuluiinisatemaauieu (Insulated
Boundary Condition)

7) deoulvvsviwnvesvasalnaislusios
Auualiundndainuiou (Heat Flux Boundary
Condition) Tneaandainusouiniu 72 W/m?

8) wilssulufidudatueiniaaisluves
wuusaetassmusliiveuwawuulidulaa (No-
Slip) Tnedeulvveuaildlunsieseiazuansy
gﬂ‘ﬁ" 3

aunsvanlunisimsieiazgnundyminie
szifeudtdenaavuuulnludiediuud (Finite
Element Method (FEM)) w1ulusunsy COMSOL™
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