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A Study in Animation of Flow

Student : Hsiao—-Cheng Wang Advisor : Wu-Shung Fu

Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

Computational fluid dynamics simulations coupled with flow visualization
techniques is the main aim of:the study.lt'can easily manifest flow features.In
this study the technique is used to manifest the motion of the particles in the
local exhaust ventilation equipment and the concentration in the 2-D and 3-D

flow fields in terms of animation.
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£1-1 FWABES I ERPEE (11)

Particle rms Brownian Motion Settling

Diameter in 1 sec,ygy in 1 sec,y,.. XM,
(um) (cm) fem) p
0.00037* 60x10”" 24x107 2.5%10°
0.01 2.6x1072 6.6x107¢ 3.9x10°
0.1 3.0x107° 8.6x107° 3.5x10"
1.0 5.9x107 3.5x107° 1L.7x107"
10.0 1.7x107* 3.0x10™"! 5.7x107*

*Diameter of an "air molecule"
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2-2  nHrE RV
A ER K- TS RS B AT IR e T K
L i a3 7 RGNS
2. mREE AWM BAR L LE o
3. oA FIEA AT e 2w iR o
4, 2P A RERR > AT RFEFLL AL
5. EEwm 28 # -~ 27 F#H (No slip) @ o
6. FAFEAEFEFM TAARLZFFAF R A e FIRHE AR

J& o

TS RN

T Sl A

5 N

~(pu)=0 (2-D)
]

AR

0 - 0
gj(pUj u; _Tij):_a_)z+8i (2-2)
Ty = 24S;; —é,u Zl;'k‘ 0j; —;m (2-3)
5, =L, My (2-4)
2 0k,  ox
H ¢

X, o+ 5 R R(i=1,2,3)

Ui om B8 27 Bl & oendp $ag &
P:2BAE A p=p—p QX3 E FI B p S ERS o g 5T R
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AN}
S
o

ij

¥ > 425% (k-equation)

&
#
(s

s. :# & % & (momentum source)

0 - Mo 0K
—(puj k- ) = utp+—p€——(ut pk)—
OX; o, OX,
H
Hee = H+ Hy
:25ij%
OX;
O, » GBRIE °
Fonde 24 A2t
8 (pa /ueff 85 _
_— je— )=
OX; oy OX;
& &g’ ou;
CglE /ut(p+C53pB) (/ut pk)_ - pT_C£4pga_Xi
"E!ﬁo-s’csl’CSZ 3’C54‘—“\;—’E’;
K- T RlciE
C/l O-k O-.s' C.s‘l CEZ Cg3 C.s‘4
0,09 | 1.0 | 1.22 | 1.44 | 1.92 | 0.0 or 1.44" | -0.33

*C,,=1.44 for pg;>0 and is zero otherwise
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BRI AN

oC 8
n % (p@C —F )=0
P at 8Xj(p ?Cm myl)
He N (2-9):
C = L R R
m,+m, +..+m
oC

F . =pD,—2-puC,
m,j p m 8X- p] m

J

(2-9)

S

1

SRR sl

(2-10)

& @‘} = ZCm =1>a C_ 4 ¥in)kA % £ (concentration fluctuation)
m

@R EE

. »r
U=0V=V,  W=0
Foovse & 1=0.01

mixing length |=0.001m
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2. R

=K

B K s £ F#HER (no slip condition) e

U=0->V=0->W=0
— A T EMER G AR F NIRRT eI T SR B
PR R R 0 T LR Y P e
u=0 > v=0 > w=0 [m/s]

k 2 ¢ P4 * near-wall model ZJ2

ut = (2-11)
%In(Ey*) VA

Hoe 0 (2-11) ¢

ut = m DRSS ST ;4
ut
1
r )2
u, - e iR us=| -
Y2
Y b
c/*k
r, | RER PR y =Y y
7]
k: 4o tafic 0.42 E: %S5 th#ic> 9.0
IS RN R ym—EIn(Eym):O (2-12)
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3. RBRAHER:
BRAFR AR L S F RS
ok 68

P=0>—=0"> =0
on m

4. ERFZL R

CSIF6|WaII:1
A2 N E2 N gk G R A E AOR

KEIZHFFERFLP 5 SFe E TR FIE A0 - LFHRIET T 578
o0 RO AAgRY By gttt o Mo d 3 SFe A A T ]
FTRERBELITERAMK NG AN ET2 on - RFHEBEREE:
% 2-1° @ SFe & 38 |2 F R4 d 22 770 o AEciE 3t 8 en1 (TR 5 7

FoooaH e 2-3:55]
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22-1 - HFHEBER

7ok A 7tk A
F A FrE
CETEY (LR kER)

CO, 5000ppm 0.0076 44
N2O 25ppm 0.000037 44
SFe 1000ppm 0.005 146.057

18




%22 SFs Z AW B TR T

% #c ¥R e ¥
% 3+ & (molecular weight) 146.057 Kg/kmol
% A& (Density) 6.0414 Kg/m?®
v # (Specific heat) 663.87 J/kgK
A 3 Zb#F thBi(Molecular Viscosity) 1.543*10° Kg/ms
# 18 & 5 (conductivity) 0.012806 W/mK
4 = # (Heat-of Formation) -8.356*10° J/kg
4 =8 & (Temp of Formation) 298.15 K
F0H 3 F 2 F 4T 4 B(Diffusivity) 3.004*10° m?/s
Schmidt number 0.9
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i HiEE L
% A& (Density) 1.205 Kg/m?®
A 3 Zk7#% i #i(Molecular Viscosity) 1.81*10° Kg/ms
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2-3 sk F FH i 42l

Mol F @R L e St ARR > T ARABRKAR G A2
1. 3 /E/n8 i 23l 7 Fkd 4o r @ a0 o
2. B LN EREpIRRARE EEFE o
3. FPHRERERRSREE-
AT PR EK o RS g S N T T Sy ik
g 2 ARt
dﬁd =

M= =Fa+Fp+Fan+Fo (2-13)

H? Fo % drag force

— 1 - S |~ =
Fdr=ECdpAdU—Ud(U—Ud) (2-14)

* A, 5k cross-sectional area

. 0.687 ’Re SloS
c, _|240+0.15Re 2 i Reg R 3 (9-15)
0.04 'Re4 >10
pad —u D,
Re, = (2-16)
u
Fos /4
(2-17)
Fan 5 v o B 8 9750 g e
Fan=—C, pv, dWUs =W (2-18)
dt
C.n =054 % virtual mass coefficient
[~ general body force
F» =m,[0] (2-19)
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3-1 #iciE > 2

A2 ? I GBS R REAINEF R A H Y Bl L EE S 22 AR
ondgd Fafe gt Star-Cd 3R 0 FURIRFK-e N 2 2 T ORI 0
SIMPLE Algorithm f#= 3 - = 3 Navier-Stokes equations » I ] * 3 *34¥
#i2 (finite-volume)fp 3> B BB i3 o & LR HTEIF B4 A
£ BT AR A BN HE BAIA A ER A A EF o

3 UM AR E o= 23 4258 (conservation equations)¥® # 5t el

1

@at

Ho Ur=U—Uc 5 AUS ARG RULAIHER - g5 T LinM ¥ T,

(fp¢)+d|v(pur¢ T,gradg)=s, (3-1)

fos, & H & FHHc ki (dif fusion) fe ikl (source) -
#(3-Dey 5.

afp¢dv+f(pur¢ r,gradg)-ds = ['s,av (3-2)

e 3-1 0 7 RS g A T R

ajp¢dv +Z j(pur(/ﬁ r,gradg) - dS = js dv (3-3)

Tl TZ T3
9(3-3)¢ % - T MUEATAOT 3N

$(3-3)° - aEe r-E A A L ¥ (convection) ! % #4778 (diffusion)

T, ~X(purg-S); - X (T,gradg-S); =¥ C, - D, (3-5)
] J J J
convection diffusion
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AT UE B 2 4o 5N

Dj zr¢{fjl(¢N _¢P)+[V¢'Sw_ fjlﬁ}ﬁ’du;N ]j } (3-6)

¥ aE 32 > 2 Upwind Differencing Scheme % &) (4B 3-2)

y F; >0 S
chDEFJ{ P j A4 F =(pUr - S), (3-T)

¢5N+ ,Fj <0

$(3-3)¢ chm = IEF L AT N

T; =5, —5,0, (3-8)
et AT AR R w N (3-3) Y o W E R - 5N

A.dp :%Amqﬁr: +, + Bogy (3-9)
and

Apz%jAm+sz+Bp (3-10)
e 1A, IR .

2.3 B R 5477 tp AR EbEn e

3.B,=(pV)’ /&

TS

ﬁ%‘?’ﬁ LR AR 2 (finite-volume) i (% » v 318 X Rin i fel en

Shy

urveop Tk 2 e foo B3tEpsd i 2 FIAk IR TR

R R R B e~ @ G e o e d e B g 2 AR (Y 2-8)F R

P R 0 - S R A R RS e
Al 1 o
=Y (Big|-|BRge]) < (4 i) (3-11)
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2 FeE I E R jeaciE et aniE L 0.001 o Bt Y AR B Ac B 3-3 A7

o8 PR A GRE > PN (3-11) Rl i F - B time step fp ik 3

1 o
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B 3-1 Apasgett® < 2LZ iro ApM =2 7 A8 (12)
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3-2 i i # 4 (sliding mesh)

A ERERERBIE R B RER R A IR EE AR - 1
AEIL R R A R 7 o 4o B 34 A

d B 3-4 7 o 17 B e b oeniegh(vertex number) 4 W) 5 1-6 g% 11-16
BLo @ AR SHHER S P TRk G A S T 2R F %5 (boundary
number) » 2 4 %5 1-5 2 6-10 - A EARY 0 P ALFER R s E
BEBdd RSS2 LERABGLN LT HBBE) DI EL 2HER F X
B TR AR 2 SRR ARG L BE BTG 2 0 P
ZEIBET e KGRI R AT SRS 2 e B TR R
HEM R R AL Lfr6 2R 281 (ARG 2 e 6 pdTRe
BB H Aot o @ - EPRIETE B RO RS N SR o i P E E on
3B o

PORTRE RS Rt R SR R R R > AL TS > F R AR
HE B (AL - B R LA R TR 2 R W R
A

;
S ALRTE a0 S T SER LS a
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Meshblock| | 1 o[ 2 .| 3 4 |5 5/
L - - .
1 T 14, [15 ,]16
Mesh block
(1)
1 2 3‘ 4! 3| 5‘
V11 \12 V13 (14 \15 \16
II|I I| Ill Ill ] I||I
(2)
1 2 3‘ 4‘ 3 '5! ,
fun 12 13 [1a [15 [16
I|I ||I III |II II.
(2)
1‘ L5 = 4 il
1 |12 13 |14, [15 |16
(4)

3-4 A5 et i
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Vertex mmber

T Boundary number

—_— -

Lower mezh block moves.
distorting the mesh

The interface slides to
3 new posifion

Lower mesh block moves,
reducing the distorfion

AP LR (14)
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TEESY PERR L RREL RS WITR RS RR TS -
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Time: 125 Sec
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Time: 125 Sec

B4-36 4R 150 5PFik A i 0. 01 2 7
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Time: 150 Sec

Wl 4-38 WA PR S 90 £ Pk R BATE)
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SF6 Concentration
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B 4-41 ol kI BEpELERRT L2 F
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SRRTE NS STERTE S L RO R S R
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W 4-51~ B 4-52~ B 4-53~ Bl 4-54 5 f1* F a2 &> LRk =bm/s ~
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BEVRTFEFREEE AP d N 1o (A E2 14 F TN
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WAER Ok & FACH R RRARTTEZ T F AR TG ARG LG RS
BAE o 7 tin s @2 A doini R d b 11 frr
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Concentration Scale

ml.0O

IO,O

Time=1.7 Sec

W 4-42 ¥ 5 120rpm - FEFE LTHF - kR E (.05 2 # F
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Concentration Scale

ml.0O
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Time=4.1 Sec

W4-43 AL 2 120rpn 0 HREET 4L kR E0.05 2
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Concentration Scale
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Time=1.7 Sec

W 4-44 ¥R 5 120rpm - AR L THF - kR E (.45 2 £ F
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Concentration Scale
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|

Time=4.1 Sec

W 4-45 ¥R #EE 5 120rpm - AR 4.1 fFF 0 kR E (.45 2
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PR > e

W] 4-46 Ik #

F 3m/s 0 iR

Concentration Scale
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|

Time=1.7 Sec

t 5 120rpm > A PFER 1T 45 0 BEREIE R A2 )
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Concentration Scale
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Concentration Scale
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Time=3.3 Sec
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Concentration Scale

Time=4.1 Sec

BB

Bl 4-49 ®IR i 3m/s - #iE 5 120rpm o PR 41 #5FF 0 kR FEAc
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Concentration Scale

Time=4.80002 Sec

RIB

B 4-50 Rk i 3m/s > #iE 5 120rpm > AR 4.9 45 0 kR T )
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Concentration Scale
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Concentration Scale
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Concentration Scale
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W] 4-54

Concentration Scale
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B 4-74 #:& 120rpm ~ Rk & 3m/s P z F £+ X5 L2
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B 4-75 #&:# 120rpm ~ Bk & dm/s indr® Z § B+ X542 57
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W 4-76 #:# 240rpm ~ Bk # 3m/sinH® 2§ £+ X3 L2 FF
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