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Table 1. The comparison between the dimensionless vertical velocity of the present study and the work done by Turan
et al. [4] at y*=0.5 for Bn=0 and Bn=0.5
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Fig. 7. The variation of the dimensionless tangential ve-
locity at 6=1800 for Gr=500, Re=10, Pr=10, and different
values of Bingham number
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Table 3. The average Nusselt number and the torque
coefficient on the inner wall for Gr=500, Re=10, Pr=10,
and different values of Bingham number
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Fig. 8. The variation of the local Nusselt number on the
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Sl 50 &lsye il oo ialidl cdul sae ol aeS o)l >
Jom ol & i grdge ol Sl oily pleSiy Jlow
ol Ol plpSs sae i 8l L el peS SSgu
lr Semia wlige b 28 ojlns g3, 2o
s el plodl LB Ll sas adge olpeis BR=N 00
eilSe e g 095 o yieS (5 )sbed (95 Dl el
o BREV e SN S 4 am g b s e oy Uil L
ol Loy &l JEl e 0,0 3525 0050 3blie a5 >gi
ol S g arcin bl ploSin sae iuli8l b cpizen (ool
b ool oo Lol Ldls pleSie sue Lial3dl b onSilo sl sae
Sy 5 SzsS pleSin slasl jo a5 (Rl ¥ Jguo 4 4z g
SBn=\+r gy oSl clob sas faie o5 claisSay cul

Wl K0S b gl ooy Bn=y-. .-

sl (WS 23395 9 59l < puo —F -0
Crodol 4 pglie (glids Lo &jgods gLliS (o po iy pa

1 The torque coefficient



a5 S5 sl,)ld) (nlogd oo dle o (pl (55, » G155
el LA S jg0 s () o il goae gl 3l Lol Wilgs o

& S 4 —F
loasS Jo psanyl Jl8le 5 (oS o angi LIl iy cnl 5o
pleSin Jlw o)l JUiml g bz Jo 4 508 o8 sel s @
iy liel 5l el LLG Ll e 3Bs Jow 5 ol b
Sl sl b, goae anlllas gl o] 5l caibbanwgs ooisS >
b 08l 35 pae dlyial 93 (5 pleSin Sl ply5 olulx
ke as by bshs weaiindes Sl UKo @) L
pleSin due Sl (oulon A5 @95 9 (o9 Sdol d0e @y
Shwrin S sl Ol Sile s (Seelusg e Slasis
<Pr=y.
ol 5l Jole @l 85 13 (o g Ssy9e (Gr =00
el gz BB 5 Sopon s
S o)l d92y pleasl slaSin b 0z Gl 5o ®
olps 4 (Aly »al Jl e d9de )l Yl (A8 nl 5

g).v‘ )‘QS‘”"B“\")‘Q r:l) 00 yo OM[Q.».LMAJ wbdfw‘so wl;

‘Re=\-) < s 5 (YR=./)) asie

Aol o5 WS e 25 Sl 0055 b a2 LS S jpon s
o pleSn vae uulidl L agd co ouel S cauiipds
J.HSGA M ‘) JL».MJ L)L')’) 9 "\'“"bLS'o AMBJ 00 yo o..\maw.o.l.w.t
Sld o Sl (Bn=1)) Sz ploSin sl ol @
Coos y0 8,5l sails F S5 cdls ol o g ol 8,50
Ol JEl s Gl Gl 5 99d o0 oS alaioe Sl
RPN I IO RS
ol 35,50 6,5l o &S SosS algSin slacl o @
Coons &y 0,5 Jlow a5 955 0 o (ormb 2l L~
dae als g Lo Lol,S pals o alaase YL (glas
S o s as Wl 5 955 o 4l ol o omdge bl
b oo ioldl Al ol o rdge cldli sae g Les Lol S
bl 5530 s 4 pleSi sae il b IS jsboay 5

Sae omﬁ,..l“.; 5 as"‘ﬁ:‘ drwgs GMJL, ol (rdl g b

0.6

0.4

0.2

o
[}
IR AL R R S R R RN RN AR |

X
0.4
0.6
08
-1
1 2 L l L l L L l L L l
“0° 90° 180° 270° 360°

6
Re =y. &lx 315 50,190 (895 0 dxy e (owlow i @9 595 4 S
el sue lizo wolio 9« Pr=\-« Gr=o--
Fig. 9. The distribution of the dimensionless shear stress
on the inner wall for Gr=500, Re=10, Pr=10, and differ-
ent values of Bingham number

S obyr ;0 A JSb @ g b g o)ly o 4 JShs
Jedo a5 ams o0 59, @ =180° 1o (swlow (i gojlail 2STas
Jw 0095 S5 > g ygld 9 Suxr popdlle al
Sagled S95 Qe (Bn=)) S8 pleSin slacl jo .ol
5o Lol el caie 15 lade lizes Cewly Coons 50 5 ol 5
G55 95,0 Om Sl sl Sl ans ey 5 S5 eSSl
S (Bn=1-1) slp Ssba wgloe shie b oles o
O3l 35 b G 3 el 433, o Ly (it 55
Coom 53 Gl ] i3 2 G S 0 g ol A3ls aslgl
G0l Sy o Soom 53 5 Blge (555l (Go s aels S,
soboo (i jlade ;0 Ggldi o yel pl g 0l 392y e
el dlasl jo gl (pl ogd s (L5 o)l (59, p a0
ol shael Sl b el el adlisdla b (V0 g ) o) SzoS
Ol et e 95800 05 S5l 95 SOV e 9) )
425 b dgdioe o5 b (G310 0)lgns gl jo wmio (oulee 25
ool 25 sl (S35 58, (BI=00) 6l A Jss o
pleSon dae opl jo aS cl ol L, ) s 0sd o conlive
4 Sadpeed S @Blgye 0sboe JSiS (SHL S el
Conl il mdaw SO (Sabpad e ol SGop J3ls o)l

yev



kgm . Jisz )7
/s olyr o 4
N/m? oles o T,
rad/s «w,lps slagly ce w
o)
S o)l 4 barye ozl i
7B so)lns 4 baye sla sl o
i sbeuly o oy 7
oles slewly 5o o %
oYl
o bl *
&y —A

[1] T.C. Papanastasiou, Flows of Materials with Yield, Journal
of Rheology, 31 (1987) 385-404.

[2] E.J. O’Donovan, R.I. Tanner, Numerical study of the
Bingham squeeze film problem, Journal of Non-
Newtonian Fluid Mechanics, 15 (1984) 75-83.

[3] E. Mitsoulis, T. Zisis, Flow of Bingham plastics in a lid-
driven square cavity, Journal of Non-Newtonian Fluid
Mechanics, 101 (2001) 173-180.

[4] O. Turan, A. Sachdeva, N. Chakraborty, R.J. Poole,
Laminar natural convection of Bingham fluids in a
square enclosure with differentially heated side walls,
Journal of Non-Newtonian Fluid Mechanics, 166 (2011)
1049-1063.

[5]0. Turan, S.Yigit, N. Chakraborty, Numerical investigation
of mixed convection of Bingham fluids in cylindrical
enclosures with heated rotating top wall, International
Journal of Heat and Mass Transfer, 108 (2017) 1850-
1869.

[6] L.A. Frigaard, C. Nouar, On the usage of viscosity
regularisation methods for visco-plastic fluid flow
computation, Journal of Non-Newtonian Fluid
Mechanics, 127 (2005) 1-26.

[7] R.R. Huilgol, G.H.R. Kefayati, Natural convection
problem in a Bingham fluid using the operator-splitting
method, Journal of Non-Newtonian Fluid Mechanics,
220 (2015) 22-32.

[8] G.H.R. Kefayati, R.R. Huilgol, Lattice Boltzmann Method
for simulation of mixed convection of a Bingham fluid
in a lid-driven cavity, International Journal of Heat and
Mass Transfer, 103 (2016) 725-743.

[9]A. Syrakos, G.C. Georgiou, A.N. Alexandrou, Performance
of the finite volume method in solving regularised
Bingham flows: Inertia effects in the lid-driven cavity
flow, Journal of Non-Newtonian Fluid Mechanics, 208-
209 (2014) 88-107.

[10] R. Glowinski, J.L. Lions, R. Tremoliers, Numerical
Analysis of Variational Inequalities., NORTH-
HOLLAND PUBLISHING COMPANY AMSTERDAM

yevy

b oo LiolS hawgie cdul

5 odlipebed 2l axwgr JJo 4 s sae ol L@
ol e s il co s GLolS (Yl ol slad rals
R e e

Cowly Ceomws jo s 5 LSis o a4 S 65 pliSip olacl o @

WSBLC w).e‘.s -y
S ke
18 y9ua ) i sl 59l A
&bt o AR
pleKig sae Bn

9LES o po C;
m/s? il 5 g

S sas Gr
W/mK  olols &), Jis! oy o h
WmK . il o)l > Jisl co o k
s we o oI5 L
M K0S 5l o lws 95 salols /

sxoge Sl sae Nu

el el sue Nu

pa .l p

pa  Sloo jlid P,
(V) sl jo Slos pM

ey sas pr
m .glels R
sklysee  Ra=PrRe
sty sae Re
Oyl 5 Sas Ri
Sl 25 59l S
K L T
S ol t
m/s woepm oy VvV
g @Pde
m%/s ( ole )5 35i u o o
1/K oz blocil oy I
kg/ms 5,015 n
Sy sSsy Jios 33 55l A
A e A



(2019) 1188-1198.

[17] K. Ragui, A. Boutra, R. Bennacer, Y.K. Benkahla,
Progress on numerical simulation of yield stress fluid
flows (Part I): Correlating thermosolutal coefficients of
Bingham plastics within a porous annulus of a circular
shape, International Journal of Heat and Mass Transfer,
126 (2018) 72-94.

[18] R.R. Huilgol, Fluid Mechanics of Viscoplasticity,
(2015).

[19] R.I. Issa, Solution of the implicitly discretised fluid
flow equations by operator-splitting, Journal of
Computational Physics, 62 (1986) 40-65.

[20] H.R.A. Jahromi, A. Raisi, B. Ghasemi, A.A. Nadooshan,
Numerical study of the Bingham fluid flow in a
cylindrical enclosure with exact Bingham model,
Journal of the Brazilian Society of Mechanical Sciences
and Engineering, 42(4) (2020).

[21] E. Lang, K. Sridhar, N.W. Wilson, Computational Study
of Disk Driven Rotating Flow in a Cylindrical Enclosure,
Journal of Fluids Engineering, 116 (1994) 815.

[22] R.L. Thompson, E.J. Soares, Viscoplastic dimensionless
numbers, Journal of Non-Newtonian Fluid Mechanics,
238 (2016) 57-64.

.NEW YORK . OXFORD, 8 (1981).

[11] EJ. DEAN, R. GLOWINSKI, OPERATOR-
SPLITTING METHODS FOR THE SIMULATION OF
BINGHAM VISCO-PLASTIC FLOW, Chinese Annals
of Mathematics, 23 (2002) 187-204.

[12] G. Vinay, A. Wachs, J.F. Agassant, Numerical simulation
of non-isothermal viscoplastic waxy crude oil flows,
Journal of Non-Newtonian Fluid Mechanics, 128 (2005)
144-162.

[13] L. Chupin, T. Dubois, A bi-projection method for
Bingham type flows, Computers and Mathematics with
Applications, 72 (2016) 1263-1286.

[14] T.H. Kuehn, R.J. Goldstein, An experimental and
theoretical study of natural convection in the annulus
between horizontal concentric cylinders, Journal of
Fluid Mechanics, 74 (1976) 695-719.

[15] J.S. Yoo, Mixed convection of air between two
horizontal concentric cylinders with a cooled rotating
outer cylinder, International Journal of Heat and Mass
Transfer, 41 (1998) 293-302.

[16] H. Masoumi, M.S. Aghighi, A. Ammar, A. Nourbakhsh,
Laminar natural convection of yield stress fluids
in annular spaces between concentric cylinders,
International Journal of Heat and Mass Transfer, 138

DOI: 10.22060/mej.2020.17979.6700

0 oslaitwl yj wjlae 3l Al (pl @ gl (gl
H.R. Askarifard Jahromi, A. Raisi , B. Ghasemi, A. Ahmadi Nadooshan. Numerical
simulation of mixed convection of Bingham fluid between two coaxial
cylinders,Amirkabir J. Mech. Eng., 53(Special Issue 5)(2021) 3417-3428.

YEYA



