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## 4570597421 : MAJOR MECHANICAL ENGINEERING
KEY WORD: COMPUTATION / THREE DIMENSIONAL / AIRFLOW OVER
BUILDINGS

SUEBSAK PRASANSUK: COMPUTATION OF THREE DIMENSIONAL
AIRFLOW OVER BUILDINGS. THESIS ADVISOR: ASST.PROF.
SOMPONG PUTIVISUTISAK, Ph.D, 122 pp. ISBN 974-17-6923-7.

The objective of this research is to study and predict phenomena of airflow
over a building by calculating the velocity and pressure at all points of domain. The
obtained data is used for the purpose of building design concerning engineering and
architecture.

The research is divided into two parts. The first part focuses on creating
confidence in using CFD code in comparison with the pre-research, beginning with
simple flow problems to the complex flow ones that are similar to the real 3-
dimension building. For the case of laminar flows, the calculation agrees well with the
experiments. For turbulent flows, the results from CFD code have the same trend as

the measurements.

In the second part of the thesis, prediction of air flow over of the JEWELRY
TRADE CENTER is performed as a case study. The study is divided into two cases:
single building without and with effects from the blocks nearby. Comparing with the
result of a previous research in wind tunnel at the seventh level of the building
reveals that results from CED code is between the ‘maximum and minimum values
obtained from experiments; thus showing the reliability of the present numerical
method.
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k4
% =

nanuaNAMINUeasImslasuulasvesnianielmlsuasmeununal Tagauisouaad

4

Tadatl

dp 0
_+.__(puj):o (4.1)
ot = ox;
A 4 = @ = ] o T 9 ~
WONAULTA Op/dt HNIUDY a5 IMIasuilasvesnNuruIsUY - AurHuanauNIan

a s = A a v A Y
WINTUT  HAZWIUNTDY  HUIYDI fﬂiLﬂﬁﬂullﬂﬁiﬂ‘iﬂWﬂW‘lﬁﬂG]f"ll’é)\‘lﬁJ'Jﬁ‘VIN1uﬂfJuﬂJ’Jﬁ1u

NANW X,y 1Az Z MuaIay

v %
4.1.2 aumsoysnHlamun

LS. (4.2)

I a v J [4 @ A A = l 1 a7

WUy FeYRUTU0INIToYSNE TN UANHKI0IT9NDNDE N INAUNITUIIYS -
aland (Navier-Stokes  equations) lugiuuueysni (Conservation form) Taof
3 a J [ a =} - - 1 A o
AvauuagIuves IvalunuuiiaTndieu (Newtonian fluid) NAMABAINITIUING AN

@eamuved aland (Stokes’s law) 1114
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4.1.3 aums Transport ﬁL'J"lﬂ

< (DR ) 1 ]
Lﬂu’ﬁllﬂ’]ﬁﬂl@\?ﬂ’]ﬁﬁﬂﬂ”l“ﬂ')am@\illﬁa ﬁﬂﬂu@ﬂ?TN?ﬁmﬂQﬂ]ﬂqulWahlﬂJflﬂ”ljgi}jlﬁ’]f]
L4 o ! o 4 1 4
IﬂfJW"l]Uﬁqu‘%ﬁEJGUi’)\1ﬁjJﬂWiﬁﬂJ185\19@31ﬂ'ﬁlﬂaﬂuuﬂaqmﬂﬂu')aﬁﬂuim ﬁQUWﬂuVITQﬂJ’JTﬁﬂ

Ell’f)\‘lﬁ'iJﬂ"liﬁi’)ﬂﬁLLWi"’U’ENﬁ{ﬂﬁ"JH‘JJ’m ez Source term

8 5 5 04
9 (ph)+-2(pu )= - 122 | |45
at(p(é)Jréxj (pu’¢) ox | ox, T

(4.3)

4.2 vianmsveasziiieuds Finite Volume

Y] a o ya‘ a a a @ LA [
vanmsvesszieudFidamuilifudionsouitniaaunsizeyRutsosvedauls
{ qazl a o a 4 - - 1 1
¢ (aumsn 4.3) aasanalsuasaaugy udaimsaens Ing (Discretize) NVUIANDA NG
1 a 7 o 9 [~ Al Y 091' o Y o
youugazamuanIziauily Mesh e lgluduasumsiialiasouaguii

[

Ysnesarugunideauloed

=)

Surface A

31U 4.1a5masagu

v v [ Y [
Ysmasarugum ldamnsonaasdasgilin 4.1 Taoh A AeiiufiiivestlSinasaiugy dau
— 4 g a : 1 °
A Ao nAwesiuAIMilaniae (Normal Surface Vector) 19 Gauss theorem shinsualas
MIBUNNTAVDUNBNNTDINUMBNATMVBIENMT (4.3) dameun1en i laninmsduingg

9
aumaFeeyiusiesvesduils ¢ (@aums (4.3)) aasanalsinasaduau azla
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0 - =
5\_[p¢dv +£nUp¢dA:£anA+\J/.S¢dV (4.4)

A 4 A o A EZ a 4
WewarusnaedasIMIlasunlasesguantiavewedlva ¢ melullSiesaian wal
~ A [ ] A A 9 Y 3 a
Naosnomonvesmsderiu(Transport term) MReIvpINUNIVLIALAZ NANIUDINT IHa
1 P 4 1 - - 9 A
TunaazyaluTawumslva warienudonativesmsuns (Diffusion term) dsliinendos

o 3 A A
ﬂ‘]Jﬂ’Jmti’JﬁlJfNﬂJENllwa Hazgwaungae Source term

4.2.1 m3aan3 Ina (Discretization)

o a = A 1 a 9 [
Mimsaaas ndluaazlSuasmugy  Taglsmsdszanamnelunuuganais
(Mid-point rule) 3171 4.2 ugasnisadnilSuainiuguseuganouaazgane 1aoisu1nns
- a o 1 U - 1 yw %
w1ya Centroid veupamualaNeasuduADTEHINga Centroid Ma1lnuganINaIveL
a S o qQ UMY ¥ a ' oA & 4 A ] v
youpdmud i laiduvouveslsinasaugulnisouganefonuiusandinm dav ldwa

£
NAMIOUMNTATUMT (4.4) Al

Element face centroid

Element

MNode Finite Volume surface

319 4.2 mauuaTamulSnasniuguainisuuy Vertex-Centered 50190610

u q

d
avj,oolv +£,oujolnj =0 (4.5)
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d oU, U,
aj,ouidv +[pUUdn; =—[Pdn; + [ - a.J dn; + [ Sy, dv (4.6)
\% A A A X X \%

j i

— [ pgdv + [ pU ,gn; = [T, dn; +[s,dv (4.7)
o o [ e <[ 2o,

]

A = a A zﬂy Aa A 1 <} s & ] 1
Iﬂfﬂ’l \ ﬂ’i]‘].]ilﬂﬂﬁﬂ’)‘ﬂﬂ“ﬂ A ADNUNHI dnj ﬂamumﬂq%mmﬁeiﬂuwmﬂﬁlmmaz

a o 9 a  a s A
NANWNUDIULOU X,y uag z 'Vnﬂﬁllﬂﬁﬂﬁuﬂﬁ"l]Nﬂuiﬂﬂﬂﬁﬂﬁ‘ﬂﬁll‘ﬂ‘ﬂ)’@'nllgﬂﬂ 4.3

nz

Integration Point

Element Face Centroid

A a 4 o 1 1 A o a a
g‘]J“V] 4.3 PANUALAZATUNUITAADLINDNINITOUNLNTA

9 [ dy
a2 ldaumaaatl

pv(p_p°j+2(pUjAnj)ip 0 (4.8)

g (U J+Zm =>(pan,), +Z£ﬂeﬁ(zl;i +%JAan +S,V (4.9

ip
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oV -9\, >y, = .| Ty %Anj +S,V (4.10)
At ip ip OX; ip
m,, = (pU,An, )fp (4.11)

!, v o A A A & H a [

Taef ip Aegaihmsouinia oamwudlugdn 4.3 szilsznoudrnlsmasaiugudos 3
] A o ] a a % a 4 d‘ A . . - d‘
d TaglidriavegadunI FuvoIRaUATIMMAsY 3 9A Ao ip 1, ip2 tag ip3

P
o ] a @ a 4
GHLLWH\WW\?ﬂﬁNGUE]\‘1L’a%}u“llE]']JﬂﬁllW]5ﬂ3ﬂﬂuﬂﬁﬁ1ﬂﬂ181ulﬁlﬁmuﬁ

4.2.2 Shape function

9 g a o~ o Y 1 o o oA
ﬂ']ﬁﬁlsb' Shape function vouBANUANIHNIZAY ﬂgﬂ']clﬁﬂ'ﬂllllllufﬂ‘llﬂﬁW'ﬂaW‘ﬁ“Vl

o Y A dy a 4 = Y
mmm”lmwmu fﬂiﬂﬁ3%18"11@QNaLﬂafJTﬂfJ‘]JiglJ'mﬂulﬂﬁ!JJ‘LWIﬁ?NWﬁﬂLﬂJﬂUjﬁﬂgﬂlugﬂ!LUU

3
e

=
JU

N node

9= z N (4.12)
i=1
Taefinasmvosdlszaade
Nnode
N, =1 (4.13)
4 : 1 .i=j
Tao7 Node i, N, = 19 (4.14)
0z

a o 1 1 a P 9 o [
AnsamssmuammslszanavesyUiweanuanduginsmambn lduuoumlagade

nuaaslugin 4.4
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51/#1 4.4 wanudzUnsanrtia

9

uAazARREIToR LA lAa Tl

N,(s,t,u)=(1-s)d-t)L—u)
N, (s,t,u) =s(l-t)(1-u)

N, (s,t,u) =st(l—u)

N, (s,t,u)=(1-s)t(l—u)

N (s, t,u)=(1-s)@T-t)u

N (s,t,u) =s(l—t)u

N, (s,t,u) = stu

Ng(s,t,u) = (1-s)tu

[

1 Y
isaunsaagil Shape function AlFlszanamluudaznnu lasesaualasil

N node N node N node

X:zNiXi ) y:ZNiyi , ZzzNiZi
i=1 i=1 i=1
1% Shape function YDIUDAMUANUNOUUBINMITUNTNTZY (Diffusion terms)

1 a a 'o 1 1 Y J
’L’ﬂll'Iiﬂ1’T1ﬂ'l‘]Ji311TEILGU’BQﬂﬁ’i]u‘ﬂLﬂiﬂﬁ@'lll‘l’iu\‘ﬁ!ﬂ@@hlﬂﬂﬂﬁ

oN,
_z OX

ip n

o
OX

#, (4.15)

ip
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Y
M5UserIuAIMIBURNTAVUNUAIVOIA AT IR UAYDIAINAY (Pressure

gradient) susamimimsdszanmeilasnis 19 Shape function fiyadensaudinga P, 14

E4
2

atl
I:)ip :an(sip’tip’uip )Dn (416)

a o 5 . a 4
ATEMIATA3 Indmney Convection Term Taen13 14 Shape function veaediud

4
v A

manlizanavesmsouiinsaidwnisgade laaal

¢ip = ¢up - ﬂv¢ -Ar (417)

=

{ 1 d' g N 1 4 -
Tagh Bup Avail Upwind node tag F Aeaiamesain Upwind node dga

Y
1 =K Y

Aa A - 1 A v ﬂJd' Y o = Y A 1 ] & A
DUNINIA 1P a3 ,3 aoaNe I neulaNuInafesnluAsy  FIUMUUNY

9
Av A

Numerical scheme ugiazuyuinly Iluawddetils High resolution scheme #Asivuia

YoInAMas B 1My /3

4.2.3 The Coupled system of Equations

o Yo A [ o 99 [ = ax A
m3tszgnaaums iy Tamuvesms lnafiutsdos  lidedesszitionisis
#1av91n3% Finite volume fnuaums (4.8) — (4.11) i ldszuvaumsaumsFaduiinh

yueauanarualuTamuuesns lna (Simultaneous equations) ¥a1wa@NNIFIAIN5D

E4
v A

@eougiuuvauns Idaad

Zainb¢i =b, (4.18)

d‘ A 1Y 4 =S 9 A U [ 4 A A LY a Q\{
Tagh ¢ ﬂawaawmmﬂﬂgmmmms b AoMMAaaWTNINUIND a Aomaulszansves

- A v dyo 1 A o 1 ' 9 = 4 9y
qaunIg -l ﬂfm’J‘Udﬂﬁ]”lu’mmmgﬂmmmﬂmum uag nb ﬂﬂ@%t‘l’iuxiﬂﬂ@@ﬂﬂﬂlﬂﬂﬂ‘ﬂfﬂﬁ?u’]ﬁﬂisﬁ

'
[ 1T A

' Y
nuIaaen Mesh Wluuww Structured mesh tag Unstructured mesh Tagfisaaunsianua

as P Y I Aa 9 o [ A A v Jo
91725 Finite volume GlWL‘]JLlLL‘]J‘]JLGD'QLﬁu AT UFTUNTNNYINUTAUVDITUNITUIALLDEY

9y
v A

Y] Aan a 4
Tumwuduuuuawia aunsodeulugiuuveunasng 1dael
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nb

a, 4, d aup
ainb _ a, a8, a8, 4,
A A A awp
Qp, Ay 8py Ay |,
uae
u
\"
4=l
P;
by
W
b

4 1 1 @ % ' < o a o
Lﬁ@\ﬁ]Wﬂﬁlu!magﬂﬂﬁﬂﬁl$ﬁﬁﬁllﬂi1’iﬁﬁl§l3 VU A970L59 AUAULIDSYUN Y V]Wiﬁj‘ig‘ﬂﬂ

~

aunssIui laanyazineanuiu (Coupled System of Equations) msudseuuaumssIu
v Jo

Y A
suulfduiusaenarnvz ldiuaeuas Ingders (Implicit Algorithm) Tasudaunisnavus

Y @
WIDUNU

4.2.4 samasinlilvosanms

ax o Ao = v o
’J‘ﬁ’ﬂ'lwmﬂaﬁm’Jhl“lJGU'OQE‘TiJﬂ15‘V]3Jﬂ’J13JLﬂEJ’J‘W‘Llﬂ‘Ll FunsangavuaouLuy  Flow

chart 18¢9519 4.5 Tasnimsudilamaeaumazaunsnuanily Flow chart iuaniam

18T

9
1. wdasaums ldFaduduaumadadu (Tasdgudn) udnnswdulugluuumesndg

0 v J a o 3/ ' ] 1Y
2. mmswmaawmmﬁuﬂmmgﬁju (Iﬂﬂﬂigﬁ‘ﬂ’f]uﬂﬁﬂ"ﬁﬁﬂ UIAINNULTAURSAITUAUUD

laym



Initialise Solution Fields and
Advance in Time / False Time

'

NO

Maximum Time
Reached?

YES

Solve Hydrodynamic System

Y

Solve Volume Fractions

v

Iteration within

Solve Additional Variables

the Timesiep

L

Solve Radiation

v

Solve Energy

Y

Solve Turbulence

L

Solve Mass Fractions

Y

Solve Fully Coupled Particles

Criteria Satisfied

22

Advance in
False Time

NO

Convergence
Criteria / Max
lteration Satisfied?

Solve One Way
Coupled Particles

519 4.5 Flow chart @145 umiaiiaeuvedai]amn

U

g
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4.2.5 MIHINADNAYVDIANMIITUTY

a 9 A o a = s 9 =~ Y 1 a P
‘i%ﬂ‘UﬁﬂJﬂﬁ!ﬂNLﬁuﬂﬂ1ﬂﬁﬂﬁﬂillﬂcmmil ’mmimmauiw@giugﬂuummiﬂclsm‘lﬂ

€

[A]-[#]=b] (4.19)

{ a do oy s o 4 1
Taof  [A] Ao waSndduilszans [¢] Ao nawasvestiney waz [b] e mouduq wu
Y v
Source term  auMstUNaRNIIMARY lMAIenIzUIUMITIEI MatesoU TaoiTua1n

A -
M5UsEUIUAINTOU N A9l

g ="+ (4.20)
Tagf ¢' fAowaiildoin

A-g'=r" (4.21)
uaz r" AeAAnA1eNn

(" =b— A" (4.22)

& o ol Yo A 9 £ Yo

FanszuIuMInEee Inaneungnaeannyy lasnslgisues IUL (Incomplete Lower
v W a 4 o Y o o Y A A o

Upper) dadnavluwaing szimrldaadiuiusenlumsmainen 1d luvaz imusuau

194 Mesh elements

4.2.6 I5MAUAYANAIY

1 A A 4 A [ Ay Y o A [ Y a Y £
FIUNKADANANIAD [I’] L‘].I'LlﬂW]hlﬂﬂ'1ﬂﬂ'liﬂ?ll’JﬂWIUliJWl'lﬂl!‘U?J\iﬁﬂJﬂTﬁL‘lf\?Lﬁu BN

Y o [

VoA Y dy I o ] = [ L] ~ o 1 o 9
ﬂ"IVI@ﬂﬂ?\iu%mﬂuﬁﬁﬂﬁﬂﬂﬂﬂﬂﬂ'ﬁQL‘IJTQF]"IGlﬂG]VIfJ’E)iJTUVlﬂ dsuuaazaudsveIn1sun

E
Yo A

Py avsmandeves ¢ awsadeulugduounali1ddei
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[, ]= A (4.23)

4
@ a

~ A 1 9 a A a
Iﬂfl‘ﬂ r ﬂﬁlﬂ'll,ﬁ‘ﬂﬁﬂﬂNeU’EJ\T]JiiJW]ﬁﬂ’J‘UﬂlI a, fv Mﬂi%ﬁ%‘ﬁﬂl@\‘lﬂiﬂ'lﬁiﬂ?ﬂﬂil uae

s p
Y
A¢ fAoxrevedutls Tasliveuuziigei
9 H
1. awsanadusuawarnlslunmsudilam
! y £ o 1 A 9 dgu
2. ANAYANANYUNUAUTUALN 19
{ g 9 a o a
3. nsandluvedlvanareaniug szdesiinsandiliznonve)suas (Volume

fraction) a2e

4.3 wypsrassanuifuihivu (Turbulence model)

uuuiraeana it (Turbulence  model) Hunvusaesiisrelunssiim
auMIANUABITDIAZANNS Reynolds-averaged Navier-Stokes equation (RANS)
gmsums manvuilutlan Tasezldlunswia Reynolds stress Falumsdnoaiuly
$uiludeaman Fluctuation T@ﬂuum‘hammmi’juﬂauﬁﬁﬁyu&’mmmmﬁmquﬁﬂim

Y
M3 lvaludnyazas q ldearauind unarelsendaniitennus

puusraesnnuiludhunldduedlumsdiasims anuviluihuiiegrateuny

Fofu fvgrasu

e Standard k —& model (Launder and Spalding, 1974), modified k —& model
(Sloan et al :,1986), non-linear k —& model (Speziale,1987), k —@ model
(Wilcox ', 1993)

e Algebraic Reynolds -stress model  (Rodi, 1976), simplified version of the
algebraic Reynolds stress model (Zhang et al., 1992)

e Different Reynolds stress transport equation models. (Launder et al ., 1975;
Wilcox, 1993)

luauidetiaznanduiesassIunane Standard k —& model #u Shear Stress
Transport (SST) k — @ Based Model
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4.3.1 Standard k —& model

S 1 - - a o ]
lufidl k Aes1 Turbulent Kinetic energy gnienuuninmsiuuisvosnnusa

4
0@ fe (L2 T2), 15w m% s* Taumsaail

1 L g g [ % IS o Aan
¢ fioAn Turbulence eddy dissipation fie amwéﬁqmwmﬁ’muuﬂsgﬂamﬂ TGN

Aa k aonidena (L2 T°), wu m?/ s°

TagisuNAUMIANUADLLDI

§3+W7(pu)=o (4.24)
ot
uazﬁumﬂmuuﬁmﬂu
8pU ' U
75—+v(pUxU)—v(pwvu)=Vp+vipmvu)+B (4.25)

1 ] Y
Tao B flomasiuveausaileaniniiniinaawes (Body forces), ueﬁﬁ@ Effective

viscosity ez p’ e Modified pressure senunsatieny ladaaunis (4.26)

2
Uae

M= 1+ 1 (4.27)

Tagh g, fio Turbulence viscosity 1umsls k —e model A1 Turbulence viscosity §in1s

awuamNLIANuNeItoany Turbulence kinetic energy waz Dissipation lugiuuuy

9
(2

v o J ~
ANVTAUNUTAIU

kZ
ILII = C,up? (428)
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{ 1< J { 1 J 1 [ 4 o o
Tagi C, Wluiasil daudves k uaze lAvndreyiusvesaums Transport dmsy

E4
Turbulence kinetic energy ttaz Turbulence dissipation rate a4il

a_(pk)Jrv.(puk):V.K‘quﬂij}t P, —pe (4.29)

ot Ok

MW.(pug): v.[(WﬂJw}f(cﬂPk —C,,p¢) (4.30)
ot o, k

Taefimasiidaulsie C,=009,C,=144,C,=192,0,=10,0,=13

L) [ = - (% A A v £ A
qaImIy Pk Ao Turbulence pl'OdUCtIOﬂ DUIUBDINIINANUNUALASUIIADYAT  HUVYU

b4
~

AUNI IAe
P, =4 VU-(VU+ VU’ )——gv-u(e,ytv-u +pk)+ Py, (4.31)

Y
dmsums lvaunuoada lilddumen V.U nwvaide deniiavies luliaudian]

=

a 1 o I [ [ 9}5 A = o P
NBUNITINARN mewﬁumi"1wau,uuaﬂm"lﬂuumamm V-U aeniinmuin mlal

1mou higiingan

o

< = I 1 o Y ) o" = A o Y
AULTIGN “]N!‘JJ@°|/|']ﬂ13ﬁ']?Hﬂ"l@@‘llﬂ'JfJﬂﬁZ‘]J'J‘L!ﬂ']iVﬂ"“IﬂiJI’f)ﬂ']ﬁ“l/Wnﬁl'ﬂ

v < 2 {
Taq'la  dwu P, Wlumonvetusiaseda uaasmuaumsa (4.32)

P, =— He g-Vp (4.32)
pPr,

b4

wazduilu Boussinesq buoyancy model aumsziuai

Po = LBy VT (4.33)
pPr

P, =C,-max(0,P,,)
P, =C,-max(0,P, )-sina

2

il U = pC#k? = Eddy viscosity nag C,=0.09, C, =1
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4.3.2 Shear Stress Transport (SST) k —» Based Model

dyd A a Y A o A y 1
TuaatiifuTueannnsaravesanuaumeuswiosninms lnauvuiluiu
(Turbulent shear stress) #Nl#nanmsiiuetianuududige luilymndms lvawnsznuy

fanau1e tazms Inasuuueniunieldusnuiiing Adverse pressure gradients

k — @ Model gnauu@ii Turbulence viscosity inauAeadosny Turbulence

E4
v Jdo

kinetic energy ttaz Turbulent frequency Glugﬂuuummﬁ’uwm ail

k
My =p— (4.34)
(0}
Tagfiilauns Transport ve4 K e
Mw-(pUk):V-KWﬂJVk}r P, — fB/pka (4.35)
ot o,
wazaums Transport ved @ Ao
@+V-(pUa))=V-K,LHr&jVa)}ta%Pk ~ oo’ (4.36)
O-(U

awva 1 ] 1 <
Tuned §iiad Aranumuuniu p tazAInmesvesawia U aunsomldninauns
Navier-Stokes @aua1 P oAl Turbulence  production uazdAtmsnaasioutlsanly

Tuinad 697
£'=0.09 a=5/9 £ =0.075 o, =2 o =2

a1 Stress tensor #1'1da1n

T=4,25— p%ék (4.37)
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4.3.3 Wall function

I a . { v o J < o o
Wu3sves Launder waz Spalding (1974) NuaainnudunusveinnuEdune

v o J @ o o 4 1 { - .
Indmianumanudumouvenis Tasuaaslugluuuanuduiuivesaunde logarithmic

augas log-law

1 - o Y A A v 3 1 A @ d?
awee Wall-function sirlvisvesanuniaiinanotudoss) NNofI UL 9I0NT

Y A A Y 1Y A A Y o ) [ ' A
mami]z"lﬂq@]i1/1mmmmﬂmmau"lwammw”lﬂawua dmsumslva Aundeuazaums
,4! dyg} dd‘ ,dl @ [ [ 9 A d' 9 d! 49?} [
Turbulence transport mqmumammu“lwwm (Y MANWAURNDUNHUY) FIVUNY

1w 1 1 v % a I qu/

malsvesgane (node) lnamis seauualifitheaiiou Fully-turbulent vesFuveuiun

{ v o Jdo o < ! Y ' . - @ Y
TasNanudwiusdmsuaausanlndmialialugiuuy logarithmic fail

ut =9£=1|n(y+)+c (4.38)
u,  «
v & SC (4.39)
u
12
“, =[3’—j (4.40)
o,

@

{ 1 3 A @ 1 < 1 S o
Taoh u* AesaNuSININAMIS 4 AemAnudsaniuanusa U, Aeannusiduda
v A I Y] + A 1 F) 1 @ A [ Y
YSIEE A RIS IAT, Ay NNHUY Y ﬂ’l’)ﬂ"llli‘ﬁHﬂﬂﬂlﬂﬁi%ﬂ&’ﬂT\i%WﬂNu\i 7, AOAIAITNIAY

= @ = ' ~ = 1 A d? g
MOUVDINUY & ADAIANNUDI-Von-Karmanuag C-Asninen Log-layermuﬂummﬁﬂm

VOIHINIA
4.4 Boundary conditions

o A Ay a ¢ A& & A
mﬁﬂmumwu%ﬂmmmmmTﬂmummﬂtywmmmmﬂwmwamaﬂ Wudariien

A o o ] Y A an .. A A Y
3Jﬂ'J']N’ﬁ’li‘;]muiuﬂqillﬂﬂmuﬂ’]ﬂaﬂﬁglﬂﬂﬂgﬁ Finite volume LuENinﬂNﬂuhléllﬁllE]‘U!fUG]u%L‘]Ju

% [

o v ! o d! AaAAaA o dy
amﬁuﬂaﬂymzmwwmmgmazﬂmm PFIWITNIUUAAIU
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I o [ A 1 ~ F) F)
Inlet L‘]Jum'imwuﬂmmmﬂmﬁuumawm'lﬁaﬂau‘ﬂfﬂzllﬁmnmré)‘uwmfmwwm

9
v A

Tawuosilym Falagina Tz imvesguaniaves Inaneunds mstmualaegna Tl
0 A Y Y g o A
1. dmuadoulymadhdlen Normal Speed naasaumsvoannnus ail

U et =Uoeel Ve ] + W, oo K

inlet spec spec spec

=U r+u 6 +U z

inlet r,spec 0,spec z,5pec

N30 U

o Yy ¥ A o Y A ' o
2. mwu@mNmmmaullﬂlsumﬂ’nmuwmn ABISUMUDINITUAU

o Yy 9 ' [ Y 1 v
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Pressure on surface 44 m
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Pressure on suface, 140 m
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Pressure on surface 164 m
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Fressure on surface, 206 m
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