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PHATTHARAPHAN THAMATKENG : SIMULATION OF AIRFLOW FOR
OPTIMUM HOOD DESIGN FOR PLATING TANK. THESIS ADVISOR :

ASST. PROF. KEERATI SULUKSNA, Ph.D., 102 PP.

PLATING/HOOD/CUPTURE VELOCITY/FLOW SIMULATION/DESIGN

Metal plating is a process to improve the properties of metals, such as shininess,
corrosion resistance, and hardness. During the plating process, the chemicals in plating
solutions will usually evaporate in the air which is harmful to human health. This
research aims to study and design a hood for a plating tank size (widthxlengthxheight),
of 0.62x1.50x1.00 m. The study assesses the suitability in hood size and drilling
characteristic of hood slots which are in front to the section speed distribution. This
research uses computer simulation with ANSYS Fluent 14.0 program. The computer
simulation has been used to predict the flow behaviors based on laminar and turbulent
flow. The study found that the increasing of height and depth of hood are not affect to
the speed of air flow distribution in front of hood. Furthermore, the slot shape of the
hood is also not affect to as well. The air flow distribution is depends on the area of
hood slot which is relating to a distance in longitudinal direction (X) of hood with
following equation A = 0.006X + 0.362 cm?. It is found that moreover the flow

simulation which is suitable for designing the hood is laminar modelling
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9 " oA & A A
[U1UD91NIANINDY 3 mm ﬂluWﬂL‘ﬁfﬁﬁﬂLﬁﬂﬂgﬂWﬁ

2) msmnuasaeu lvuel

90

U

91IMAAL 03D TarZININY 10 mm

ﬁ1ﬁu@ﬁﬂ3@u1%ﬂl@ﬂﬁ1ﬂ%ﬂﬁ1’d6\1ﬂ?‘ihlﬂﬁﬁ’\ulﬁﬂﬁclu@HiWQﬁ 3.1 uae

3N 3.5

A13199 3.1 Mamuuaasou lvusy

Tamueime Pressure inlet = 0 Pa
Tamuueaiag

- A univeiiga Wall (No slip)

- o9y Tane Wall (No slip)

- Anhegu Tans Wall (No slip)

- ﬂmﬂvi@gg;m Velocity inlet (-40m/s)
- MAUT1VDIND Wall (No slip)
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517 3.5 msmmuaaiton lvvou
ANUAVDIDINA
GLIEY 30°C
ANUAUMUY 1.156 kg/m’
ANuHiia 1.868 kg/m-s

o a 9
3) $1909NYANTIUMS Hanale115un5y ANSYS FLUENT 14.0 n1sany e
o A o =] o 4 1 9
A1391a99M15 11a 3 uuY Av 9189913 IMauuus1VSey s1aean s avvuiluilludae
o . ° i g o A
U104 k-€ (Standard wall function) HaZHUUT1004 k-0 SST 1ot uA15HINITI1a090
MzAUNgAdIMI UMD NIUDTIGABINA
3.1) 918909M3 ManyuswiEeu
Y
M13591299M3 IMatuuTVEsuMnuanIa1g 9 98 P11
lds! [ Jas Y a o 4 [ <3 g’/ an
Tiayununar 1935 msuddymdfduiusanuautazanuimuvuaeuls SIMPLE
(Semi-Implicit Pressure Linked Equation) 1435 /52 u1stA1Fedtavunuitnaniaduay
(Upwind differencing scheme) MUUABTUAVAUULUTUNINY 2 A1 Under-Relaxation factors
FAMSUANUAWNINY 0.3, FIUSUANUHUIUWNINY 1, 45UMAY 1 TUUANING 0.7ua

° A 9 @ T @
ﬂﬁlﬁuﬂﬂ“iuﬂum@ﬂnﬂ@jllﬂj (u, v, w, p) fMNU 0
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Q13197 3.2 MIMUUAAIUINITINaea LV UL 1U

k-& (Standard wall function) k-w SST

MasiiuL$1a0s Masiiiun$1a0s

-c,=009,¢c,=144,¢C,=192, 5,=1 -a. =1, @.=052, p7=009, £ =15
Under-Relaxation factors Under-Relaxation factors

- Pressure = 0.3 - Density = 1 - Pressure = 0.3 - Density = 1

- Body forces =1 - Momentum = 0.7 - Body forces = 1 - Momentum = 0.7

- Turbulent kinetic energy = 0.8 - Turbulent kinetic energy = 0.8
MMuamisuAY fmuamizuAY

- Gauge pressure =0 Pa - X Velocity =0m/s | - Gauge pressure =0 Pa - X Velocity =0 m/s

-Y Velocity =0m/s  -Y Velocity=0m/s | -Y Velocity=0m/s  -Y Velocity =0 m/s

- Turbulent kinetic energy = 1 - Turbulent kinetic energy = 1

- Turbulent dissipation rate = 1 - Turbulent dissipation rate = 1

3.2) 91a0em3 aunyiuihudeunusiaed k-e (Standard wall function)

M1531a09mM 3 Ianuuduudlguuudians k-e MruanIA1g 9

[ dal o % Ya Y a o v J

W ¢, =009, ¢, =144, C, =1.92, 5, =1 M3NAWVUAIA 153Ny dunius

@ 3 Z as A

ANUAUUALANUIT IV VVYUADUIT SIMPLE (Semi-Implicit Pressure Linked Equation)bl,“ff}’J‘ﬁ

YseuuANFIANAVUVVITHAA 1A UAN (Upwind differencing scheme) f1HUABUALAIY

UUUTUNINY 2 A1 Under-Relaxation factors @#1HIUAIINAUNINY 0.3, FIMTUAMUHU LY

0D 1, USUNINY 1 TUUANNIADY 0.7 Turbulent kinetic energy 11101 0.8 LAZAHUARA

FUAUUDINNAUT (u, v, w, p) INIAY 0 Turbulent kinetic energy 19101 1 11z Turbulent

1w ) o o 4 @ o < -2

dissipation rate 110U 1 §115UMImruaideu lvveuvesrinay MUUAANUSAMINDY 40 m/s

HaZINIA MUUAA Intensity and length scale Turbulent intensity MU 1 1ag Turbulent length
scale 1110 0.1

o X U Y o
3.3) $1aeems mavvuuualenuusiaed k-w SST
Mst1a04ms WanvuTuihumenuusiast k-o SST MHUAAIA
o dy . . . o (2 yan 4
G AN ol =1, ¢, =052, g =009, & =1.5A159108UUAIAT 1¥ITATunTeyna
a o o 4 o <3 ?1// a . .. .
ﬂgfcmwu‘ﬁﬂ’mmuuazmwmi’umumumm% SIMPLE (Semi-Implicit Pressure Linked

Equation) 19351521 asAndaduavuuIsHan1aduay (Upwind differencing scheme) fua
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v

DUAUANUUNUEUNINY 2 A1 Under-Relaxation factors #1H5UANNAUNINGY 0.3, §11S LAY
NUMUWNINDY 1, u5UNINY 1 THNUANNINY 0.7 Turbulent kinetic energy 1M1 0.8 11
ﬁmuﬂﬁﬁnﬁ’ummnﬂﬁ’mﬂs (u, v, w, p) tN 10U 0 Turbulent kinetic energy 1N1101 1 LAY
Turbulent dissipation rate (10U 1 dmsumstuatonlvveuvesiaay simuaniui
MINY 40 m/s LAZDINA MUUAAT Intensity and length scale Turbulent intensity MINU 1 uag

Turbulent length scale NNV 0.1
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35 1n3esNauazgUnI@MIUMINAR0Y
3.5.1 Wiaaugae1Ma
9 { I o a o
WnaunlFlumsnaasuiunuuluwaldslddmi lufiemafernumsmayu
w A o ] v Y = 9 [
woeyaluna sglisaunrulunalszanm 64 1o galuwaszlianyazadionunsansgsen
. o A = < Y < A o w
(Squirrel Cage) Aananaluzi 3.13 marluwalivinadnuyudlonnuiiseuiige f1as
4 o o { <3
yomas 2 usath 1¥duusadulalih 220 v.aszualvlih 9.3 A A998 50 Hz wazanuE 1501
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A P s
AT 1NN 3.3 GIJ@?;IJ@&J@W]@?

ENGINEER INDUCTION MOTOR
CAPACITOR START AND RUN

SINGLE PHASE INDUCTION MOTOR

2 HP 4 POLE TYPE PMC-SA
Hz 50 60 FRAME 100L
v 220 220 RATING CONT
A 9.3 8.8 INS CLASS B
r/min 1450 1740 AMB TEMP 40°C
JIS C 4004 JP 22 JC O BEARING 6206ZZ 620527
CAP RUN 21.5 pF CAP ST 150 pF SERIAL 000279

d' A v <
3.5.2 1A5994DIANIINITIDINA
A A o 3 Aq v A A A A o
INTOINDIANNITIDINIAN 1T IUNITNABDI AD 1ATOI Testo 435 1ATBINDIA
a a 14 . . q 9 v I . @
¥UANAWWITINIADT (Multi-Function) N5 (Probe) N 1% 14N 15701 ULUY Hotwire ALLEAS

d' =S [} gl.: 1 =1 [ d'
Tuz1/i 3.14 U¥1aMsIaaaLe 0 99 20 m/s AanIluaI319N 3.3

{ 4 @ a a J
317 3.14 1nTealiodartianareni3Ane3 Testo 435 118 Hotwire probe
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mniimes Y9N3 ANINGNABY
Nl NTC : -40 4 +150 °C +0.2°C (25 D9 +74.9 °C)
TC type K : -200 DI+1370°C | £0.5% of reading
g v o =2 =
ANUFUTUNNS 0 94 100 %RH +2 %RH (-2 D49 98 %RH)
ANNGIaY Hotwire probe : 0 420 m/s +0.03 m/s +5% of reading

Vane probe : 0 49 40 m/s

usaeueIMAdUYsEl | 053 +2,000 hPa + 5 hPa

mansveulaeenlyd | 089 10,000 ppm + 50 ppm + 2 % of reading

3.5.3 YUABUMIAAAIYANAADY

g’/w Y v o [

1) MsfanigaoImaiInuiaaungaeImaaaaadlugln 3.15

LY

[ 9
319 3.15 M3anaingaeInIa

9
v v %

a Y Y o @ {
2) ﬂWfl'ﬁﬂﬂ\?ﬂQ"Hﬂ‘Vlﬂﬁ@ﬁﬂﬂ“yﬂiﬁﬂ%ﬂWHWHWW’JE’Jﬂﬁ)Wﬂ'Iﬁ ﬂﬂllﬁﬂﬂiugﬂﬁ 3.16

Q
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3.16 M3AaAInyl Tane
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1. Standard k-epsilon model (k-€)

k-epsilon (k-g) turbulence model is the most common model used in Computational Fluid
Dynamics (CFD) to simulate mean flow characteristics for turbulent flow conditions. It is a two
equation model which gives a general description of turbulence by means of two transport equations
(PDEs). The original impetus for the K-epsilon model was to improve the mixing-length model, as
well as to find an alternative to algebraically prescribing turbulent length scales in moderate to high
complexity flows.

- The first transported variable determines the energy in the turbulence and is called

turbulent kinetic energy (k).
- The second transported variable is the turbulent dissipation () which determines the rate

of dissipation of the turbulent kinetic energy. For turbulent kinetic energy (k)

Standard k-¢ turbulence model

at ox o

a(’Ok)+a(’0ku‘)— 0 {ﬂ%k}ZMEun—pE
O'k i

For dissipation &

0 0 0 o€ £ g
a(p€)+&(peui)=—ﬁut +&jﬁ_x}+clg E(Pk +C35Pb)—C28p?+Sg

Modeling turbulent viscosity

_,, ou,

U =—puu, —-,
t 17 aXI
where
U; represents velocity component in corresponding direction
Eij represents component of rate of deformation

M, represents eddy viscosity
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k2
2 =pC,,;

Production of k

_,_, 0u;
Pk =—puiuj a—X

IDk = /utSZ

Where S is the modulus of the mean rate-of-strain tensor, defined as :

S= ZSijSij
Effect of buoyancy
M OT
P =09 ——
b IBgl Prt 6Xi

Where P, is the turbulent Prandtl number for energy and g; is the component of the gravitational
vector in the ith direction. For the standard and realizable - models, the default value of P, is 0.85.

The coefficient of thermal expansion, £, is defined as

__1(%
- p(aij

Model constants

C, =144,C,, =1.92,C, =009, 0, =1.0and 0, = 1.0
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2. SST k-omega model (k-w SST)

The SST k-w turbulence model [Menter 1993] is a two-equation eddy-viscosity model which
has become very popular. The shear stress transport (SST) formulation combines the best of two
worlds. The use of a k-w formulation in the inner parts of the boundary layer makes the model
directly usable all the way down to the wall through the viscous sub-layer, hence the SST k-w
model can be used as a Low-Re turbulence model without any extra damping functions. The SST
formulation also switches to a k-¢ behavior in the free-stream and thereby avoids the common k-w
problem that the model is too sensitive to the inlet free-stream turbulence properties. Authors who
use the SST k-w model often merit it for its good behavior in adverse pressure gradients and
separating flow. The SST k-w model does produce a bit too large turbulence levels in regions with
large normal strain, like stagnation regions and regions with strong acceleration. This tendency is

much less pronounced than with a normal k-¢ model though.

Kinematic eddy viscosity

ak

e max (a0, SF, )

Turbulence kinetic energy

o( pk ok .0 b
%+Uj v P-5 kw+a{(v+ava)a—Xj:|

i ]
Specific Dissipation Rate

ow ow ) , O ow 1 ok dw
—+U, —=aS" - +—(v+ — |+2(1-F _—
o i e TPy [(V L } (1-F)o., © O%, X,

i i i
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Closure coefficients and auxiliary relations

F, =tanh Hmax(ﬂ 508‘/}} ]
Boy 'y

P = min(rij %,10[3*@)}
X .

]

f oy y’o ) CD,y

4
F, = tanh {min{max( k 500‘/} 4%2k2}}

CD,, =max| 2p0,, 1 &Koo 107
@ OX; OX,

¢= ¢1F1 +¢2 (1_ Fl)

Constants

k- w Closure

o, =0.85,0, =0.65,43 =0.075

a

k- £ Closure
o, =1.00,5,, =0.856, 3, = 0.0828

SST Closure constants

B =0.09,a =031



Boundary and far field conditions

Far Field

10°U? 0.1U2

<k

< ——®
ReL farfield ReL

Boundary/Wall Conditions

6v

=10——
A.(Ad,)

wall

wall —
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