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Effect of Inlet Conditions on Prediction of Orifice Plate Flow Behaviors
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Abstract
In this paper, the finite volume approach with the standard
K —& turbulence model is presented to investigate the effect of

inlet conditions on the prediction of orifice plate flow behaviors.

The orifice plate considered in this work has d/D around 0.75
and ReDh around 54700. Three of the inlet velocity profiles, the

uniform profile, 7™ Power law profile, and the experimental
profile are applied in this work and also the turbulent intensity is
included with these three profiles. The computational results are
compared with 3D-LDV experimental results of Nail [3]. The
comparison shows that without inlet velocity data, the 7
Power law profile, which excludes the turbulent intensity effect,
should be used. While it will be easier to apply the inlet in
uniform profile which includes the turbulent intensity effect. The
result showed that the uniform profile could decrease the average
error; however it used more iterations than the V7" Power law
profile. For the experimental profile, it cannot compare with these
two cases because it has slightly higher mass flow rate. This

effect may be caused by the numerical error.
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2.4 Standard K—¢& turbulence model
#1150 K—& model huazaIIIANUFNNUTVaS Reynolds
stress NU turbulent kinetic energy K LAz turbulent kinetic energy

dissipation rate & mﬂma&lg@g’m‘uad Boussinesq a9dh

ou;

2 ou
=== (pK)+ p | —+— 6
Tj 3 (p ) Hy x| ox (6)

]

i H = pC# kz/é,‘ fi@ turbulent eddy viscosity §IUENNIIVDI

kK wazaunisved & dawldiin

0 0 | Hat OK
< = 9|2 G pe 7
ox (p ) ox | o X, £ “
Hy O &
(pu ) = T AL (CslG - Csng) (8)
ox T ox | o, o) k

inay pe fia destruction 84 turbulent kinetic energy generation

rate (G) Wa G Tfenudn



frnsndmsuldlugunis asaaaunnunansvesdysnsollduan
Tilwsnsmssganwoluss

2.5 nszuIwAIUATN

nszuaumsuidyniazSuduiianduinaiia time-averaged
NUANNTT Navier—Stokes, 8NN3 K UAZ&NNNT € UWRUATZUURN
mﬂm%‘ﬁﬂ%mm?{uLﬁaamugﬁu turbulence model ﬁaﬁnﬂﬂ q
mi%:é’ﬂ‘lﬁas;jislugﬂﬁ"uvlﬂmuaumi (5) @9aziinn3 discretise 119
diffusion term W& convection term 83U % staggered grid A
FOU scheme wa21l4 SIMPLE algorithm wein@ My du N s w83
ANUSITUANNGY LTIz UURNN59z0NF NN TNEAITEnIn
TDMA uuy line-by-line garinsazldniinszansdizasanuiiuag
anuduralawumslng

2.6 Wawlafiniein
M o ° A A v <
unanudlairuanisiinuaienlannmatuduanuia 3
dnwme Aa ANSIEELENe, AN V7" Power law uaz

ANMUTIAUNANTNARBINIAF wazldRnmsiRun i uadns

NUMIFYINOL

WRVBIANNTNTRaIAINT W)U (turbulent intensity, | ) NU
« & o o A Aa
ANNLTING 3 anwmedls e | Afeuanugunis (10)

o anuiwdaua: profile asaISATuausuNT (11)

e anusian U7 Power law: profile Ta3nnuiIiduany

UMY (12)

®  ANULTINMUNANINARBININTII: NI profile TBIANNLT?

azldnmsieannmmeaasues Nail [3]

(10)
(amn

(12)

Variable, Constant

B orifice thickness

C..C, constant in & equation, (:1.44,1.92)

C, constant in K equation, (: 0.09)

d orifice diameter

D pipe diameter

Err,, average error

G turbulent kinetic energy generation rate

k turbulent kinetic energy

| turbulent intensity

L, turbulent length scale

L pipe length

] pressure

r radial co-ordinate

R pipe radius

ReD Reynolds number based on hydraulic
" diameter D,

S general source term

tij viscous stress tensor

u fluctuating velocity in X direction

u velocity in X direction

Uca,'i simulation average velocity

Uap'i experimental average velocity

U, average velocity

Umax maximum centerline velocity

\Vi velocity in I' direction

X axial co-ordinate

Greek symbol

ﬂ ratio of pipe to orifice diameter, (d/D)

Kronecker delta tensor

& turbulent kinetic energy dissipation

2] orifice bevel angle

® generalized dependent variable

I',T, T,  exchange coefficient for @ in X,Y,I direction
YRy A laminar viscosity, Eddy viscosity

Mt effective viscosity, (z M, + ,u[)

P density

o turbulent Prandtl number for K, (: 1.0
o, turbulent Prandtl number for &, (: 1.3)
T Reynolds stress tensor

Subscripts

eff effective

t turbulent

i,k Cartesian indices

up upstream

dn downstream

Superscripts
1 fluctuating part properties

— mean part properties, mean value
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