294-287 yo e 5 o lesb 15 0,93 1394 313 po (w30 SWlo W Idio dlxo

SHad9 3 ek doliale =

=
4 M = i
OV 0 S0  wihigo = &
E &ye
mme.modares.ac.ir U‘T)/;‘”/;:%,

SlF (F g8 pd Jbw Ob 2 S12 RANS (ST Slb Joo cunlsd puis (55l 087

2 . . 2 . *Log eq. s
g}mfwnw‘gﬂ‘)uh:ﬂ‘ uL“ul.es.uﬂA.‘..a.;‘g

Ol el oKy cCanmyj bauses 5 g 9395 0uSuidg ) « SlSo wiige bl -1

Ol el ol&uily (SOl pwdige syl ol S (ggmiiils -2
evahid@ut.ac.ir 14395-1335 s gdi0 (05 *

oS Al OleWb!
Sl il ol orp coa ilie iy Db i bll b 4 e o)l ) dn 5> (st Vb clp Jo (olngs, Lo
2 6l cudid piae wlie gl o 355 oS Sl dija (Siasl sbyJue 55 1) 555 (ol sla Sy plaS a5 wloss 1393 (5228 el

1393 g 11 ot

5 losal Cudy (B (sl Jao ol I il ilons )l g5 (gt Yl sl o (Sial oo ppizren it J> 1]3
1394 229,8 15 olw yd &)

S > w8 o Sl 1) (88 Hls gl patiine (g0 (gilwand ¢ Bk L cusloaids &)l SoMygSuny (i (gl el g3l Jse

el poe (GiluoeS lp peiine 008 (iludnd @S 5l esliiul oS5 s ) dhenes |y ()b (Slulre abije wfjﬁjf
I, RANS gjlwacs mls slow » e S yeS s Sl 1535 109y dalss wbs Jlew 75b Gi.ﬁ...;l sl Jae ;o 34250 s s
Gl slp g @) K=& Jaw Gl » Gls (Bt Sl Ty (SRS Jao S i Geiows () )0 10 o ol 2 ol pae (g3l o8
5 elonds all )l T 10 35250 slacabid pae (5jlu oS gz LIS gy o s <ol 0 a0liil algd G y500 by fosfions (§335 (g jloded

o5k~ (yig)lS Loy

lodd areas oxigd 3:8) (JlgF 5 5 jlg, A5 Arwle ;9 09z ge laceakd pue calel aF Cuslond (555 (g, (]
o5l is,l8 Jan 3l oslatl b e Ceslond Jao (owglS (Bolai lase S 4 RANS § DNS jo (25 g0 ol glas o
Uiy 4S5 wes e L bl alosds aculoee by S w0 53l g odd S e adgy Bl 4 coslal poe oyl

el Coalad pae pl esd jo (e BB Cds (gl s saliasl)|

Uncertainty Quantification of RANS Turbulence Models for Power-law Non-
Newtonian Fluid Flows

Vahid Esfahaniant*, Iman Rahbari2, Mohammadhossein Mortazavi?2

1-Department of Mechanical Engineering, Vehicle Fuel and Environment Research Institute, University of Tehran, Tehran, Iran
2-Department of Mechanical Engineering, University of Tehran, Tehran, Iran
*P.0.B. 14395-1335 Tehran, Iran, evahid@ut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Non-Newtonian fluid flows experience turbulent regime in some industrial applications. Several
Received 18 January 2015 approaches have been proposed for numerical simulation of turbulent flows, each of which has
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specific features. RANS turbulence models have reasonable computational costs, while include

Available Online 04 April 2015 . . . . .
val : pri several sources of uncertainties affecting simulation results. In addition, RANS models developed

for non-Newtonian fluids are modified versions of available models for Newtonian fluids,

Keywords: : ) X 3 . i

Tu’?ﬁ'u.ence Modeling therefore they cannot provide reliable estimation for viscoplastic stress term. In contrast, DNS
Non-Newtonian Fluid delivers accurate results but with high computational costs. Consequently, use of DNS data for
Uncertainty Quantification estimation of uncertainty in RANS models can provide better decision making for engineers based

Direct Numerical Simulation

- on RANS results. In the present study, a turbulence model based on power-law non-Newtonian
Karhunen-Loeve Expansion

fluid is developed and employed for simulation of flow in a pipe. Then, an efficient method is
proposed for quantification of available model-form uncertainty. Moreover, it is assumed that
uncertainties originating from various sources are combined together in calculation of Reynolds
stress as well as viscoplastic stress. Deviation of the stresses, computed using RANS turbulence
model from DNS data are modeled through Gaussian Random Field. Thereafter, Karhunen-Loeve
expansion is employed for uncertainty propagation in simulation process. Finally, the effects of
these uncertainties on RANS results are shown in velocity field, demonstrating the fact that the
presented approach is accurate enough for statistical modeling of model-form uncertainty in
RANS turbulence models.
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