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ABSTRACT: Prediction of flow behavior in the transition region is the key issue in many scientific ~ Review History:

problems. Many attempts have been made by researchers to propose and modify the models estimating the  Received: Jan. 21, 2022

flow behavior in this region. In these flows, the governing equations, including the continuity, the Navier- ~ Revised: Jun. 28, 2022

Stokes, and the transmittance along with the Shear Stress Transport models are solved simultaneously — Accepted: Aug. 21, 2022

to predict the flow behavior. There are several coefficients in the governing equations which affect the ~ Available Online: Aug. 24, 2022
flow simulation. In this study, the transitional shear stress transport model is modified by altering two
coefficients in the intermittency equation. A combination of these coefficients is implemented, and the  Keywords:

effects are studied. To assess the accuracy of the proposed coefficients in simulation, they are applied . q
to three individual internal flows, including a smooth axisymmetric pipe, two parallel plates, and a
backward-facing step. Different variables such as the friction factor coefficient, fully developed friction
factor, and the reattachment length are explored. A comparison between the results and both analytical

and experimental data confirms a good accuracy in the predictions. Furthermore, using the presented =~ Numerical simulation

Turbulence model

Transitional shear stress transport

models the entrance length is well predicted in turbulent and transitional flows.

1- Introduction ou _, (1)

The transition phenomenon and its simulation play a key Ox
role in science and engineering applications. The phenomenon PO )+ P ()= — p et K ) )
occurs through three different mechanisms including natural o ox, dx, "ox,
transition [1], bypass transition [2], and separation-induced
transition [3]. Abraham et al. [4] in their study, developed the ro) +M =P -E,+P,-E, +i{[ y+ﬂJﬂ} (3)
main y-Re, model for internal flows. They investigated the o o, &, %)%,
tran51t19n from laminar to turbulent ﬂow in a pipe. Abraham pg( Re(,,) pg(uj Reg,) 5 oRe, )
et al., in another research [5], studied the y-Re, model for a T a _P(;ﬁg[% (/Hﬂ,)aT_'}
internal flow with varying cross-section area. Menter et al. [6] ! ! !
in their study implemgnted some improvements to the \(—Ree MJrM _9 [(1+o.u )ﬁ J+P.—D, %)
model. It was a transition model based on local correlations. ot ox, ox, %
In the present stu.dy, th.e transition phenomenon in internal p0(®) pa(u_jw) 0 ow, P 6)
flows has been investigated. In this manner, a range of o o —g[(ﬂJr%ﬂz)a]Jr“__Dw +Cd,
turbulence coefficients has been studied to propose the best ' ' ' ’
combination. The improvements have been implemented on
¢,, and ¢, which are the coefficients of dissipation (£,) and Three different Test Cases (TC) are considered to
production (P,) terms. evaluate the modified model capabilities including flow in

an axisymmetric pipe, flow between two parallel plates, and

2- Methodology flow in a backward-facing step.

The flow is considered incompressible and unsteady.
Hence the governing equations of the unsteady flow including 3- Results and Discussion
the continuity, momentum, transition, and additional The model presented by Menter et al. [7] is modified to
equations for turbulent closures are given in Egs. (1) to (6): simulate the internal flows. It was stated that two coefficients
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Table 1. Implemented turbulence coefficients

Combination C,» Coy
A 70 0.008
B 70 0.015
C 80 0.008
D 80 0.015
E 90 0.008
F 90 0.015
G 90 0.0115
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Fig. 2. Fully developed friction factor in the flow be-
tween two parallel plates

including C,, and C,, can be modified in the model.
Therefore, in the present study 7 different combinations of
these coefficients are proposed.

3- 1- Flow in an axisymmetric pipe

Flow inside an axisymmetric pipe was studied as the
first TC. Fully developed friction factors using the proposed
combination of coefficients were studied in this geometry.
The results are presented in Fig. 1.

As can be observed, the results tend to theoretical laminar
and turbulent flow values for Reynolds numbers less than
1900 and greater than 4000 respectively. Reynolds numbers
between 1900 and 4000 are referred to as transition regions
where no sufficient theoretical values are available.

3- 2- The flow between two parallel plates

The flow between two parallel plates is considered the
second TC. The fully developed friction factor can also be
examined as it was performed in flow inside an axisymmetric
pipe.

The results can be divided into three different regions
including laminar, transition, and turbulent flows. The results
for Reynolds numbers between 10° to 3x10° and 8x10°
to 2x10° are in good agreement with previous results [8].
Maximum error reported for laminar and turbulent flows are
equal at 8.566 and 9.4 respectively.
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Fig. 3. Comparing reattachment length for different ex-
pansion angles in a backward-facing step with a Reyn-
olds number equal to 6.4x104

3- 3- Flow in a backward-facing step

In this TC the capability of the proposed turbulence
coefficients is investigated in geometry with varying cross-
section area. The inlet Reynolds number considering the
geometry is set to 6.4x10* to validate the results with previous
experimental results [9]. The reattachment length for different
inclination angles is displayed in Fig. 3.

4- Conclusions

In this paper capability of different combinations of
turbulence coefficients in the simulation of various flow,
regimes were studied. Three different test cases, including
flow in an axisymmetric pipe, flow between two parallel
plates, and flow in a backward-facing step, were selected to
assess the proposed models. The results were compared with
the results reported in previous studies and theoretical data.
Finally, the best combinations were reported as follows:

C,, equal to 70, and C, equal to 0.015
C,, equal to 90, and C, equal to 0.015

References

[1]R.B. Langtry, F.R. Menter, Correlation-based transition
modeling for unstructured parallelized computational
fluid dynamics codes, AIAA journal, 47(12) (2009)
2894-2906.

[2] M.V. Morkovin, On the many faces of transition, in:
Viscous drag reduction, Springer, 1969, pp. 1-31.

[3] E. Malkiel, R. Mayle, Transition in a separation bubble,
(1996).

[4]J. Abraham, E.M. Sparrow, J. Tong, Breakdown of
laminar pipe flow into transitional intermittency and
subsequent attainment of fully developed intermittent
or turbulent flow, Numerical Heat Transfer, Part B:
Fundamentals, 54(2) (2008) 103-115.

[5]J. Abraham, E. Sparrow, J. Tong, W. Minkowycz,
Intermittent Flow Modeling: Part 2—Time-Varying
Flows and Flows in Variable Area Ducts, in: International
Heat Transfer Conference, 2010, pp. 625-633.

[6] F.R. Menter, P.E. Smirnov, T. Liu, R. Avancha, A one-
equation local correlation-based transition model, Flow,
Turbulence and Combustion, 95(4) (2015) 583-619.

[7]F.R. Menter, R.B. Langtry, S. Likki, Y. Suzen, P. Huang,
S. Volker, A correlation-based transition model using
local variables—part I: model formulation, Journal of
turbomachinery, 128(3) (2006) 413-422.

[8] W. Minkowycz, J. Abraham, E.M. Sparrow, Numerical
simulation of laminar breakdown and subsequent
intermittent and turbulent flow in parallel-plate channels:
Effects of inlet velocity profile and turbulence intensity,
International Journal of Heat and Mass Transfer, 52(17-
18) (2009) 4040-4046.

[91B. Ruck, B. Makiola, Flow separation over the
inclined step, Physics of Separated Flows—Numerical,
Experimental, and Theoretical Aspects, (1993) 47-55.

HOW TO CITE THIS ARTICLE

DOI: 10.22060/mej.2022.20999.7361

M. A. Modaresi, A. Yousefi, G. Heidarinejad, Investigation of Different Internal Flows Using
Different Transitional Models, Amirkabir J. Mech Eng., 54(9) (2022) 401-404.

403






75 ool SlSo (owigee g pui

Yoo A BV Slrio AF) Jlo @ oylas BF 053 ¢yusS prol Sl usigee 4yl
DOI: 10.22060/mej.2022.20999.7361

15 Sk 2 3,135 Gadae 5l slo s 5l edliiwl b by Al (Se 5y (ow) 2

“sbl}id)lp MG cu_a.wy ).ml ‘UJ»)AA LA.CM

Il 5 e yte gty oKl (Sle sige 0155

18,5913 ey ,U
AARRYVARVRR R I
VN EY 16)555L
VN DY sl
VN B[4 1ol )

1605 Clols
B ol
i“’ ] Jv\"

ot 5 J6s) IS Jaa

@de (gilwands

i) 3 bt S 330 (el sl gl Bl (6o o 3 135 40l 53 s ol 8 st FAa0¥s
=590 Jold (oS> ¥oleo la b > ! 3 ool plosil asl ! o Jlw bz Jl8) pes0 gl oo s dans o <0l
SYoles )3 ()l calpd Wigdioo S b ilodend lp ploje ©ygor (5 (25 S sl Jae LS ) uSgd
99 5 b oy G5 JUGl IS Jao (imgly onl 2 aimd e )8 53b ot ) Jlow oy (siltend 48 15,1 2929 oSl
€83 2 yolate 4yl plonil IS (gildind cculpd cul Jl (S 5 Jlesl b g 8,5 )8 (2Ll 5590 IS ¥olas )3 o
Bl 515 o b ag) Jolis cilio 15 (2 Wl oo (gt (sl ol (ol st 2 005 ] o il
9 48l degi 5 (9399 42U > Sl culps Gomen ilises gl yial)ly (85 )5 ooliinl 3y90 dly S 5 (slge xio 53
CalSi 5 5 o sl 5003 1) el e 5 Sl Al S 58,5 3 s 3390 el
s 05 1) Jie 3 s Jhac) el 5] oMo 3 Jl gl (st 3 el ol o 3 §

el ond (o (s34 IS g aadl gl » ol 9

Sop sdyliey Oldllas pl ds ST .Glodge &) odae slaS jo
sy ooty gloes Jy ity (26 glagl e oot ol
bl 3929 415 sl > B lapl 2 JU8) (wiig
sl P-Re, ol Jao asog 4y alagingsy 0 o)San 5 plal il
JIRC PV N PO I Kl AR (TSR F PR VU YV P N PPN
ol > 2l )18 gy 0590 g Sy B iz 3 1) ikl s
Al oled o jWany dae | lg Cyse 4 SKlawl Colps yingh
1 omned ohlSen 5 plalyl A5 035 oo azasl MolS 3 5 S
8 9 g Jo 53 (295 55 Ol JUl o pb (o3 4 W] oo
NS asl oyl Jaol W] Ko abagh 50 by abl dawy
Jio bl o sl ol e alafio g b 5D (el 5
Olpe 1y IS 4l by g aail & ol 51 by (o5 3 00 )
ol &1yl Jdo dxwgi b .0)ST S5 iy ol 30 wheo (63y5biwd lais &
b GBI b ¢y @l Gl 4 e o plalyl OIS 4ol (o),
V] o )Ken g plalyl 3505 cypdlio [VW] puiie oo ye glafie plaw

doddo —)

Slog g (wtie g pole (slod )l > il b2 o Sy el

2l odly polaidl ags 1) b inghy I (omwy il )3 1) ()b
90392 Sl B> 3lg0 1 by (gilwaned )3 NS 51 Pluwe jl and ()l
e dw IS gl 3 S o il 1) (giloand ) (gulS 8
[¥] pialae 51 ab 138 5 [Y] (Bl )38 V] (mdo J13S Jold oee

5 el Y5 ey i e &y [V]0T by o YU (Saasl o g
Pl ipeY (ol coge slid (LS & plals 3 g il
V2B S ol s ol J18) soiin Glp ) Salie HI3S

LmJAa O‘-’.1 Jlo.cl L;l).g U.;.Lm,:ﬁ)l% Ored L“’O] .leo.\)f &])\ [&—ﬁ 3

1 Tollmien—Schlichti

gheidari@modares.ac.ir :oLsle sosge oding ™

(Creative Commons License) _edpe (Sl ule cov dlio cpl ol oad odly pu pal oSty @)l & 156 Gois 5 (Bsimng 4 cuilpe Goi>
BY NC

Asleyd s https:/www.creativecommons.org/licenses/by-nc/4.0/legalcode sl jl (uilud ol Slija (sl ool 48,5 )5 las yoy2ud )

14A4



YooA U VAAY dio NF- N JL..J A D)LM OHY 0y9d ;).:..5).:.9] «&u&n L;""'“\“‘Q(" A_v).u.u

5 ol blie polis 5 orbdmsbre SKlasl s e dvg
sl Ll aes oyl >
P-Re, IS Jao 9y 21y st S yseis V] o) S g i |5
Sl )15 il Jdo 0dlgls 5l saae dBlgms Jdo 0505 Jlos!
4,8 gilwand (lp edigs > Vbl dlisd g Dy (e Siusen
5] b e LS |, Ll o Lblata 48 g, aibl inlS’ dsles oS,
o3lizal + Y 5 Jgb ol ol (gl (63518 iluan i 6l S o
2 38 asbgun (sl Jae V] o) Ken g plalpl ashl j> w3ges
Jio ol 53905 ) DA] lSan 5 site Loy ol Jia ol
Eewg gy 238 0 S b Ggliste dwiin dw )3 (b (silednd
)I)B b.)li'&'w].))}o ULP $29)9 ) usl&m ui..;w] N W) L» 9 VLT )l
Gl yuxio Cawl BB Juo cpl &S 0 s b gilwdnd opl mbs cé S
Sl |y Sl g wadl 4 pll 5l by has g 0 Jbe
o) » abbansg MolS Shaos! o> 45 wizlyys o S
[Ye] oy g St sl iy oy sVl Ll & oty IS
&S [YV] (Saasl ¥oleo y> oolil 3y90 culps Mol b aimgs 5o
5 s B0 ol iloand & og 0ad il laydlogs sl Sota
oy ilisea ol 3 Sllal oy ingks ol > sl JUIS
35 asedie il MalS 4y e ot blE5 o 8,5 5 sy 350
o Dy B sl NS ohy (Bl agh
JIS s ) oS i o sl iS5 sihodoe s
SSaasl dblee p> colps cpl D9d Cpus a5 opyiae U Silos Jles!
gy Wlais 315 edlatul dy9e IS asl (jlwaws ¢l SST
culpd Olyed ci 4 85 Cp g €y capd 9 gy 2 ordles]
ol loas Jles! (Pﬁt) Mo ales (Eyv) IMreis! slaalos
GBI ol awtie 4w 3 ol sileand b culps ol sl el
Jsb 5 atbldngs MolS SISlas] gy dunglio b Slosolwsa Lso
slaodls 5 (Llsg polie b wis colps Jlesl 5 sdalcwnas il

..\.s‘b.Aniw.)du )1..@ w‘)..o uuf).s CRA (2

oSl OYoleo -Y

i 5 LU iyl o815 cstnrter gt ol (5,5 55 5
Dgd o dide (F) U (V) &V¥olro ygody Jhw ol o oS &Yolso

gl » P-Re, (Sl Jao culps oy 4 50 Shagy
Jto oyl sl Gilises cla S b dye alafio e b 5D
BYAPY) ool Ayl () dlmdli)? d‘)% P &S y-ReH L;Lol
sl Lmo] Lty dae BB b gilwans gl [0 5 Y]
U‘?"cd"’w)"‘bdscev5cetw)‘05'>)wbl)L5d““>uL!l>b
550e (S5l Jso 3 (EY,) Pooeasd y (P,) o cslodlas
ol 3 edelcunsty @l gy 3l 1B b5l 3550 g e iy
e SKBlasl oo Cuns g ,lid (LolS polie duwlre jd iy
o1l o g oximd ot abbanwgs HMolS Slas] oy 4
a8bdgus ol sl oolaiwl b gy S5 b sla Shy wmie 50
o ol Jst DY) s 5 plalpl et clojtags 5
sae gyl asls))5 adllas 590 1) Calisco (clavess,y (slp do) SO 3
W3I,5 byl 3yse 1y atblidnug SlS ol die o e el
9 Silwans I odelcandas gl Hlhe sy YO BBl S ls
o)y odelcandn gl il e il lawssy 5D (225 slosl
ol (hagh 53 023 IS polie b dslie )3 S5 (Bl Ghagh
23,5 oW ] sgMeay ol o Clusdy [V0] (S  Sasen |
P ok slpiie 5 00,5y 1) canesl sl > 29250 S b
TN 155 e 1y bl ) did ol gl 4lanus HolS al
35 alanug WolS' )l Sl gy a5 ol L5 Baioo o) b
5 2 @B b osd Bl sl <ol 5yl )b (500 by L Wl
oyl ol ondodly drwgd Jdo cplplo fcudly gy slb cwie
Dy cawlio Cglate jWgiy dlael 3 45

b (Saadl b g e g by b g Sy I (e )

Ol g e sddon iy Gilge dxio 93 (ol Y

) 9 oims JLa s> s g0 ol

Sigoyla yloj & diwsly syl > —F

P s (b ol s Shy ons slr S ladlas
saasl Moxes! 4y (Siasl Wg ¢y (Sl g wasl 4 pl)] by
b ol )l Gl 4wl Gl Jiad lp heS Olsiea
sl a ol ol 8 51 Livo 3 W] o Kas 5 30,5 [V
ot 1 oslitol b YU LulS 3 b Sbys claplys 5 Sl

alis 5l Ui Gk cnl @ls syl (2Ll )90 4Bl seue 535

1aa.



VoA B VRAY dsio VF) Jlo A o)leus OF 093 ¢S ol SilSo odie 4y

p@(Rth ) +p8(ujRegt) Py
ot ox
@)
0 ORe,,
o {09, (e + 1, )—axj }

Dgul oo By yai 5 Oygody (B) diles )d xuis dlos

By=¢y " (Rey~Rey )(1-F, ) 7

b S wSe JS | S anl Jib i £ dles
P39 ) Vp 2 dee ple (Stadl cunle 35 F, L sl
48 50 (lodlor Grizpn dmde il ) T e Y gl
4 By dor im0 E5 g Atpsdyy e oximdlis iy
SF, o Re;, sl .calons 03, )8 ‘uRe L sldasl jglate
loaler Wl cpl > S0 (5 1) GjpeaY > @iie sladles
J5S 1) i alox 9 3685 s i 4 oS s (255 €y 5 O,
) PMowesl &5 9 (K ) (Ssasl iir 6550 ©Yoleo wgMled 45 o

g o Ly p Oygo & 0 (U

po(k) +p8(u,k) _

ot Bxi
' (v)
a—[(ﬂﬂfkﬂ) ]+P -D,
J 1
:J » S
])k =yefch (A)
D, =min| max(7y,,,0.1),1.0 | D, @)

1449

tS gl 9 Y alao

po po
5(“i)+87(uiuj):

’ (v)
Oop 0
ox, +r8; +8xj (Tij)

sgeis 21U Sy A Uy 9 P T syl ddlae (gl > oS
i &5 o (S0adlho g Sl (JBe (oD A5

| pstion gl dles ol 505 JUi] aloles 93 35 g5l Jio (sl
o yiie olgisa (Re)) 5450, sas S psiiage cobies alilas ¢ ()
4 Do) gloales 5 J5] gie [YY-YF 58] ki L350 loxe
Wgbe 03l Ginled (B 9 P )9 (Eyy 5 Py )by

 sniipn yiio] dles

po(y) +p8(ujy)
ot axj

(v)
ax] Gx

Higdso s pj Oypo & 3 (1) dilae 3 1S mlie

=P =B+,

P al lengthpS[ onset] .
E, =c,bBy

aZP‘Qy turb
Ey2 :ceZIDyZy

) US4 IS patiese cubis julsn, sie cly JE) alsbe

1 ntermittency



YooA U VAAY dio NF- N JL..J A D)LM OHY 0y9d x).:.aS).:.Al «S.u&.a L;u.'.,\a.Q(o 4;).“.;

97 ()l dg) S35 by 1 e ) JSUS

Fig. 1. A view of the flow inside an axisymmetric pipe
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3 Grid convergence index
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Table 1. Suitable grid size in different geometries using Grid Convergence Index
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Fig. 4. Results of grid independency for the flow in a pipe a) centerline velocity b) Turbulent Kinetic Energy

15 1.1
N=8§5000 LO§
————— N=180000
—rmimm N=352000 I
L06 N=85000
R N N=180000
S Emrmemmemmemmemem ez ez e S e N=352001
1.04
05r 1.02
0 L e L L L L S 1_ 1 1 1
0 5t o 150 260 0 50 100 150 200
R
(<) (h

G390 dxbuo 93 o b ya (6l 4 31 o Il UG L0 S

Fig. 5. Results of grid independency for the flow between two parallel plates
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Fig. 6. Results of grid independency for the flow in a backward-facing step a) centerline velocity b) Turbu-
lent Kinetic Energy
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Table 2. Implemented Turbulence Coefficients
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Fig. 7. Fully developed friction factor in an axisymmetric pipe
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Fig. 8. Estimated errors for different combinations of turbulence coefficients in an axisymmetric pipe in
laminar to turbulent
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Fig. 9. Estimated error for different combinations of turbulence coefficients in an axisymmetric pipe in
transition region
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Fig. 10. Friction factor on the pipe’s wall
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Fig. 11. Axial velocity to Bulk velocity on the centerline of the flow between two parallel plates
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Fig. 12. Fully developed friction factor in the flow between two parallel plates
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Fig. 14. Comparing reattachment length for different expansion angles in a backward-facing step with a
Reynolds number equal to 6.4x10*
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Fig. 15. Reattachment length in a backward-facing step with an expansion angle of 45 with different combi-
nations a) Bb) D ¢) F d)
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Table 3. Coordinates of formed vortexes formed by different combinations
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Fig. 16. Reported error for the flow in a backward-facing step
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