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ARTICLE INFORMATION ABSTRACT
Original Research Paper Aerodynamic study of flows at low Reynolds for special applications such as micro unmanned
Received 10 October 2015 underwater vehicles, underwater robots and explorers are investigated. In this paper, an improved
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Available Online 06 February 2016 progressive preconditioning method named power-law preconditioning method for analyzing unsteady

laminar flows around hydrofoils is presented. In this method, the 2D Navier-Stokes equations are
modified by altering the time derivative terms of the governing equations. The preconditioning matrix is

Keywords: X . . . L .

pozver_mw preconditioning method adapted _from the ve_lomty f_Iow—fleId by a power-law relation. The governing equation is integrated with

Dual-time solution a numerical resolution derived from the cell-centered Jameson’s finite volume algorithm and a dual-

Eini:e \QON;Ime time implicit procedure is applied for solution of unsteady flows. The stabilization is achieved via the
nsteady flow

second- and fourth-order artificial dissipation scheme. Explicit four-step Runge—Kutta time integration
is applied to achieve the steady-state condition. The computations are presented for unsteady laminar
flows around NACAO0012 hydrofoil at various angles of attack and Reynolds number. Results presented
in the paper focus on the velocity profiles, lift and drag coefficient and effect of the power-law
preconditioning method on convergence speed. The results show satisfactory agreement with numerical
works of others and also indicate that using the power-law preconditioner improves the convergence
rate and decreases the computational cost, significantly.

Convergence speed
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1- Large Eddy Simulations (LES)
2- Direct Numerical Simulations (DNS)
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8- Lid Driven Cavity

9- Backward Facing Step

10- Buoyancy-Driven Cavity

11- Von Karman Vortex

12- Power-Law Preconditioning Method
13- Unmanned Underwater Vehicles (UUV)

2 ojloiis 16 )9 1395 i)l (o) SHlse SwAdie

ol 3 )i e b plenl Salyog,asl Sealisgnl Slasis
N85 oy Cusal 5l ley 4 o Slaside pl Slpnk s
o5y ST S gk sl SVl > sl ol il 90 o
slogly> Jo b fady) layie gy 5 ol 3 b
2 1y adliee edazmn Sl olyx Gz &b by bogaman
ol el (o e iy JB Gl B oman slapl >
@)l adgl glo it (Bg) (ol LLU pdlaST3 (nS ik 55l SYolee
UV PR

Gose & pymge (soinysl LLL Ly gove ileand Gl
G O jlie Sy pgailal ol o ond a8 5 IS, g slerinn” Slojes
009381 L ablige oSl SYolae s 4 b O)jg0 & (> Sloj
o S5 il 53 @Sl S¥les s U b 45 wSybe ol
Lol oo 0525 ((3lme oy 4 bogaye) (I3 5 (i oy 42 g e)
Do Jol (e plej 3 dolee o i3l (o 0 S (ol Sen
Cayo dgad oaliul (o) ul 511991 Jlu 1o [2] (g Sl sl sl
Cutle 5 Sopd ool 2 s o Sl Jloj o8 DLl o by, cnl (el
2 (SH3gaze g 503 Jyens Slaghy, DS 5 305 (0 s Ol
a5 S olo lis [3] ohlKer 5 55,1 005 o9y Siloj plE sl
ohey Mk il pley a5l e by adeee i ol oS
50 s [A] oSen 5 gule G 09 walss bl (soleriny
D wals> ol (Slej a5 o Sl L oS ol v laisS 4 1) Slej
S Il g Sgne a5 Slalllae (6,50 (i ogade 5l n
sdlle, 102004 Lo ,o [6] s [B] wisls plonl g )6 ol o] Ko
Sl 9 guye J> Gl lahy; ) aelr sasllae Sh 05 (6550
4lls; 592006 Jls o [7] 55lbls caizeoy ol plosl LLL slagl >
Sy S8 b gusloly Jolis ozmen olagsty) (omin 4 093 (6550
3y ol Kan ity 35 507 B (655,555 5155 by, 5

slaglyz J> @l oloy 5o (chalen sose slagty, I ool
5 2 Fer & a8 bl 4 Ggold g Do v jo Fle slael b pdyeSTy
olKiws a8 Ll 5l Lol el o0 ), Kiagh axgi 9,50 o0,lgen (g lasl
508 L8 5 0350 oS sellin oliws G bl n3aST ol Yole
aalgzs eolaiwl BB cislew laby, o)l jpas Siwgn doles (o
SYolee olfiws a5 LLL paleSTs b, OYoles jo e 09
b ol @ atuly SMlax jpa> o 4) oS o Ty Syete Cunle
53 6eS olk Sl eetalen slagty, og eslinul LB S92y
WLl L 1) Sy alsbes [B] (a8 eSin ol 2 alé (6l g winlys
ool s oy Frie JS 4° egian spdyeSlp alex Sy )5
s oline oslshin olfius Sy 4 LeSihe S¥oles g 4o 0,5
Doz 51 Sy e 4 [9] IS5 (alKen e (8 ol ad winlys
Oz 4 oS LAl s Gloy Brie Djge 4 dler Sy pgtiage
98 oo Tl pb sy 09y RSl 50 S,

Sy 3 (oSS Slalllan (6,505 plaie (S5 g (285 Sl

- Vorticity-Stream Function

- Primitive Variables

- Dual-Time Method

- Third Order Upwind Difference

- Approximate Factorization (AF) Iterative Method
- Artificial Compressibility

- Preconditioning Method
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9- Preconditioning Factor

10- Standard Preconditioning Method
11- Standard Artificial Compressibility
12- Malan's Preconditioning Method
13- Local Pressure Sensor

14- NACA-Hydrofoils
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- Jameson’s Finite Volume Method

- Artificial Dissipation

- Artificial Viscosity

- Explicit Four-Stage Runge-kutta Scheme
Pseudo Acoustic Velocity

- Convective

Diffusion

- Local Diffusion Velocity
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1- Divergence Theorem
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Fig. 15 Effect of the locally power-law PM on convergence rate around
the NACA0012 hydrofoil at Re = 1100, a = 20°
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Fig. 16 Drag coefficient of the NACA0012 hydrofoil as a function of
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Fig. 17 Effect of the locally power-law PM on convergence rate around
the NACAO0012 hydrofoil at Re = 500, & = 20
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Fig. 14 Effect of the locally power-law PM on convergence rate around
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Fig. 20 Effect of the locally power-law PM on convergence rate around
the NACA0012 hydrofoil at Re = 500, & = 15’
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Fig. 21 Effect of the locally power-law PM on convergence rate around
the NACAO0012 hydrofoil at Re = 800, & = 10
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