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Instability investigation of Newtonian flow in a planar
gradual expansion
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Abstract- The main object of current study is investigation of instability threshold of flow in a gradual expansion from
symmetric to asymmetric situations. The expansion ratio is 1:3 and expansion angles are 30, 45, 60 and 90 degree.
Discretization of governing equations is performed using finite volume method based on PISO algorithm on a staggered
mesh. The CFD code is validated based on the results of sudden expansion reported in previous works. Here, the effects
of expansion angle and Reynolds number on flow instability in transition from symmetric situation to two and three
asymmetric vortices are investigated and the first and second critical Reynolds numbers are obtained. The bifurcation
diagrams of vortices and velocity profile in centerline are plotted for each case and the effects of instability on flow
field are discussed based on them. Unlike the previous studies which have been focused on the planar flow in sudden
expansions, the flow instability in gradual expansions with different expansion angles is investigated which is the main
innovation of current study.

Keywords: Critical Reynolds Number, Expansion Angle, Instability, Symmetric Vortex, Asymmetric Vortex.


www.SID.ir

OlKon g 418 poolls (yumxo dozxo

c 20 e ol 6oLl oy

VY blassl cas b @be Ll 6‘)1‘ ub)-" o3¢ dxlllao
[O] d..:‘)l_io.&b 9 S0 g [‘;] u“"‘)l—i"“’ 9 u)_._'% Ja_...)g.:
ol Uil sln Gl jalen ) sae 0,5 lag 4 2o
69y blaws! cons 15U gove ooy g Canl 0l (slasLings
bsgs (e Sl sl dpasls 5 Job ol a3l g0 sy
SielS L ogs e yo o lie o 5l ooliwl b LT e
0l ) ..\J.); ouelin |) Lg)L.\.aLa S ot ‘.IaLMH.al S
sy lama o ‘S:Lgtfl.: blosl oL,z sl slasls g0
3 adllae o5 [A] Widsygy basgs 25 )50 (boludl slo
sleglz s i o [A] (ol 5 ol rizes 85
Slamio o)l blad! slalze lo 51 o lael azasl
slasliaiz oasay ,labl )LSle lesls j1 8 w0 0900
slael esgame jo |y lamio SlSU blus! (b= 56 [VV]
OB <ER V) ol 51y Sonns 5 (NS Re<b-+) jalguy
il 18 asllas 8 5a

a5l oslaal b VY] 2l SKee 5 s 5 [V Y] H5ed]]
elas)l bl 1) (Hlhon jodsn ) sae ot (goue 5l
2 aS oS o oo VY] a0 podpadl Smizen ailes
L oo slals 99 oy ghome o lite (61,519 Dhos
ol oo slail Leals 5 Job ojladl s len
Ol e n 59 e 4 e dgie BT ) (655,15
G—bos 0 VY bl e s U LS !l 515 JUS J=1s
O3S OYIY (il st sae jlake [VF] (SIS0
& 5 ol &l @) dguome DS g, 9 (o 5)lwk
SSU bl cos b JU 2o b2 sl cancs g
5 g 9les, ST 5 IS OYIA T, Jlyon jadsn ) sae jlaae V:Y
LS A bogs gy 0 [ V] Gl bl ol piae dawase oy
L . . e g

Slod g sy OF 1) e e,

1. Continuation—Perturbation
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1. PISO Algorithm
2. Staggered Mesh
3. Gambit

4. Quad
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1. Perturbation
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1. Bifurcation Phenomena
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