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EFFECT OF CORNER CUTOFFS ON FLOW AND HEAT TRANSFER
AROUND SQUARE CYLINDER *

Ahmed HashimYousif "
Abstract :

The structures of wake behind a square cylinder with cutoff corner in a laminar
channel flow is studied numerically. The pressure coefficient and Nusselt number were
studied for Reynolds number ranging from (500 to 1500). The governing equations are
solved by using finite volume method (FVM) adapted to the staggered grid. The
SIMPLE algorithm is used for the velocity-pressure coupling. Effect of direction of
corner cutting ( in front of side, rear side and two sides ), dimensions of cutting and
Reynolds number on pressure drop and heat transfer were studied. The results show
that the pressure drop for square cylinder with corner cutoffs for in front of and two
sides decreased when compared with that for square and rear side cases cylinders by
(8% - 17%). Also heat transfer increased around square cylinder with cutoffs corner for
in front of and two sides when compared with square and rear side cases cylinders by
(10% - 20% ), also the wake area of square cylinder with cutoff corner decreases
comparing with that of square cylinder.

Key wards : square cylinder, cutoffs corner, heat transfer, flow characteristics

Aaypa Lilghal Joa hal) JaSly lual) e Llgsl b ils

i gy adild daa)

toaldial)

ad aby . Laae Alghul) Ligj adaly JSAd) dayje D) Cild ALY Glsall ) qus s da)s e
Aladiuly Aaslal) c¥alaal) Ja a3 .(500-1500) Craa jalshy) ad) dd (e s dal il o) g Jaiidal) Jalaa L)y
ad aial) aa g pud) oy} SIMPLE ) 48y )b cuasdia) . 4gglitadl Al o slaioYl sasaal) agaal) 43y 4k
ackdl) alagfy Sadsiy) ad) o(ididly ala¥) Crag LAY Ca cala) () Adlglan) Llg) aded )adall) aBiga il Ay
e Lilg 3l s shata daysal) Ailghaady) g baiually hagagd) (o) quilill) condagh Bal) JUEEYg bl s e
JELH b A3 L (%17-%8) Ay dayal) gl Lgiiylha die Julb | ghadld I8N dgally dralal) Agal)
bl Leiislia 2o Akt 4810 dgally Lpala¥) dgall e L3l doghia Lijghaay) Jga a3 Bi)al)
e ARl JB) Lylg 3l A ghia Adjghudl 5Y) daluca old eltd ) ABL) . (%20-%10) dsaiy daysall
LSS Ay pa A glandy)

"Received on 17/9/2012 , Accepted on 12/7/2013 .
“Assit Lech . /Technical Institute AL-Diwania

134



AL- Taqani,Vol .26, No 5,2013

Nomenclature :

C strait chamfer (m)

d side length of the square cylinder (m)
Cp pressure coefficient

FVM finite volume method

h heat transfer coefficient (W/m”.K)
k thermal conductivity (W/m. K)

N-S  Naveir-Stoke equation
Nu Nusselt number

P, stagnation pressure (N/m?)
Pr Prandtl number

Py local pressure (N/m?)

Re Reynolds number

So source term

T temperature (K)

Ty bulk temperature (K)

u velocity in x-direction (m/s)

\% velocity in y-direction (m/s)
p density (kg/m’)
u viscosity  (Ns/m)
r diffusivity

o general variable

& n General coordinates

Introduction :

The force convection heat transfer and flow around bluff bodies has wide engineering
applications such as heat exchangers, space heating, cooling tower and power generators. The
most striking phenomenon during the flow past bluff body is generation of complex
structures. The force convection heat transfer and the resulting thermal field is dictated by this
complex flow.

Numerous attempts have been made for modeling the fluid flow and heat transfer over
single circular cylinderas [ 1 ] and [ 2 ] and multiple circular cylinder as [ 3 ]. Heat transfer
and flow structures around square cylinder are very complex with high pressure drop and
drag coefficient and many researches to reduce the wake flow had been calculated as [4]
and[5]. A square cylinder with grooves and taps was examined by [6], [7] and [8]. A square
cylinder with rectangular cutoffs at its edges was examined experimentally by [9] and the
effect of corner cutoffs on the flow characteristics around a square cylinder for changing
chamfer shape and dimensions as in figure (1) was examined by [10].

135



AL- Taqani,Vol .26, No 5,2013

--._l -]
] et -":-\.:.
! . . . T | E—
i T L i o 5 L]
L A 1 : -] -
£ 1 = dap | =1 e -
] . - | | :
i i o $ | i
. L 4 —I—I‘-l
-8 m) §] | '_.|__
- Nt - --! R

{a) Square (b) Rectangular () Are

e N ]

l a1 2

et [Tt mam]

3L
(d) Btraight{10%)
Cutoff length
Typs Clmm) | ' d
. Square 1'_','I|l:||;]1'lr 0 0

8 | 1 0.033
o3 3 0.1
Ch o 0,167

Figure (1) the shapes and dimensions of square cylinder studied by [10]

In this study, heat transfer and pressure drop around square cylinder with cutoffs corner
cylinder from one side (in front and rear sides) and two sides were examined numerically as
in figure (2).
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d
Square cylinder in front of side rear side two sides
Cutoff corner Cutoff corner Cutoff corner

. Type | C/d
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C3 | 0.15

Figure (2) the shapes and dimensions of square cylinder for present studying
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Governing equations, geometry and numerical details :

Figure (3) show the schematic of two dimensions body fitted grid used for present
computation. This grid obtains by solving two dimensions partial differential equations

(Laplas equation) [11].

Soct Gy =P(S, M)

Nt Nyy=Q(E, M)

Where P and Q used to clustering the grid near the wall to sense the velocity gradient
because there is a friction between the wall and the fluid.

The 2-D governing equations of mass, momentum and energy equations
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Figure (3) grid generation for square cylinder

incompressible flow can be written as following:-
Mass equation

o,
ox Oy
Momentum equation
ou ou 1dp Ou
U—+v—=———+v
ox oy pox oy
ov  0v 1 op o*v
U—+v—=———+u
ox oy poy ox’
Energy equation
or oT o’T o°T
Uu—+v—-= +
ox oy ox’ oy’

The above equations can be written in a general transport equation as:-
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o(pug) , opvg) _ O | O¢ o¢
x | o 6[“ )} 6y{r( )} 5 e (5)

This equation serves as a starting point for computational procedure in (FVM), by
setting (®=1, 'p=0 and S¢=0) the continuity equation can be obtain, by setting (d=u, v,
I'o=p and Se contains the appropriate pressure gradient term as well as terms arising from
coordinate curvature N-S equation can be obtain and by setting (®=T, ['o=p/pr and Se is
contain the term arising from coordinate curvature) the energy equation can be obtain. The
two terms in the left of the general transport equation (5) are convective terms, the first two
terms in the right side of general transport equation (5) are diffusive terms and the last term is
the source term. Equation (5) serves as a starting point for computation procedure in (FVM).
The procedure for transferring this equation to general equation can be found in [12].

Boundary conditions :

The boundary conditions of the solution domain include solid walls (channel and
cylinder),
The velocity on the wall equal to zero

UTVT0 o (6)
The first derivative of pressure in the direction normal to the wall equal to zero
0
) e, (7)
oy

Inlet plane
Usually at inlet boundary, all quantities have to be prescribed as following:-

(Winle=Uin , (V)inle=Vin (P)inle=Pin > (Dinte=Tin ~vvvnenen. (8)

Outlet plane.

Always all values of dependent variables are unknown at exit boundary. This is
equivalent to saying the first derivative of properties in the direction normal to the boundary
is equal to zero.

M0 0. 00 (9)
ox ox ox ox

The boundary condition for the cylinder is constant heat flux. In the wall channel is
adiabatic.

Pressure drop and heat transfer coefficients
In this study calculate local and average pressure coefficient (Cp) along the cylinder:-

ij O

e 10

P=1 S’ (10)
And local and average Nusselt number(Nu)
hi/ *d (1 1)
u = L e
Where

e T e, (12)

7 AT Oy
AT=(TiTh) e (13)
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TbZZTij/n ......................................................................... ( 14)
n is the number of points in y-direction with different Reynolds number
%
Re = ( 15)
v

Results and discussion:

Figure (4) shows the comparison of numerical result for pressure distribution around
square cylinder with that of reference [10], the figure shows that the same procedure in two
carves and shows good agreement.

25F
F —&A— Yoichi [11]
2F —— present study

Figure (4) comparison of pressure drop over square cylinder with [10].

Also, figure (5) show the stream lines around square cylinder with cutoff corner around
square cylinder at (C/d=0.1) compared to reference [10] at (Re=1000), the result show good
agreement.

Two side cutoff
r case

Reference [10]

Figure (5) stream lines around square cylinder with cutoff corner for present study with reference [10]
at (c/d=0.1) and (Re=1000),
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Figure (6) shown the results of stream lines around square cylinder and square cylinder
with cutoff corner for (C/d=0.1) at Re=1000). It is clear that the separation area became small
for cylinder with chamfer corner. The two sides case has smallest separation area and this
lead to small pressure drop and small drag.

in front of
Square cylinder cutoff side

!
UWW\W\WWW\\W

rear cutoff
side side

1

Figure (6) show the results of stream lines around square cylinder and square cylinder with cutoff corner
for (c/d=0.1) at Re=1000).

Figure (7) shows the result of stream lines for two sides case with different dimension
(C/d) at Re=1000. The vortex behind the cylinder is smaller with increasing dimension (C/d)
this due to at smaller dimension of (C/d) the flow move away from cylinder because of high
momentum and reattachment the cylinder. When increasing (C/d) the flow move near the
cylinder therefore the vortex be small.
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Figure (7) show the stream lines for the two sides case at deferent dimension (c/d)

Figure (8) shows the pressure distribution along square cylinder and square cylinder
with cutoff corner for all cases at (C/d=1) and Re=1000. The results show that the pressure
coefficient for square cylinder and square cylinder with rear side cutoff corner is large while
the other cases are small in front of cylinder (0'- ~60°). The pressure coefficient behind the
square cylinder of rear and two sides cutoft corner case is large.

Angular position F -
L 05F . =
Flow r b
— 3_ . o /1 /‘
1s5f Y/
2f
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Angular position

Figure (8) shows the pressure distribution along square cylinder and square cylinder with cutoff corner
for all cases at (C/d=1) and Re=1000

Figure (9) shown the Nusselt number around cylinder with different chamfer and compared
with square cylinder at (C/d=1) and Re=1000. The results shows that heat transfer
enhancement when corner cutoff from square cylinder, this is due to decreasing the separation
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area and the maximum heat transfer is at square cylinder with two sides cutoff corner due to
smaller separation area.
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Figure (9)show the Nusselt number around cylinder with deferent chamfer and compared with square
cylinder at (C/d=1) and Re=1000

Figure (10) shown the effect of Reynolds number on flow around square cylinder with in
front of chamfer corner. The figure shows that when increasing Reynolds number the flow
move away from cylinder due to high momentum and then reattachment the cylinder where
the vortex is small.

Figure (10) show the effect of Reynolds number on flow around square cylinder with in front of chamfer
corner.(Re,=540, Reg=1000 and Rec=1450)

Conclusions:
Fully developed laminar flow and heat transfer around square cylinder with straight cutoft
corner for different cases (in front of, rear and two sides) with different dimensions of cutting

(C1, C; and Cs) have been numerically simulated in order to examine their performances. The
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results show that there is an effect for cutoff corner of square cylinder on pressure distribution
and heat transfer for Reynolds number range (500-1500). The results of this study was

1- The wake structure behind the cylinder was affected by the position as well as the
dimensions of chamfer.

2- The separation over square cylinder as well as cylinder with rear chamfer is large.

3- Pressure coefficient for square cylinder as well as cylinder with rear chamfer is large

in front of cylinders about (0 < 60 ) and decreasing at (6 > 60 ), this case is inverse for in
front of and two sides chamfer.

4- Heat transfer increasing with cutting off corner with respect of square cylinder. The
maximum heat transfer is at the case of two sides chamfer

References:

1- Karniadatis, G. E. "Numerical simulation of force convection heat transfer from cylinder in
cross flow"Int. J. heat mass transfer, Vol/.31, pp107-118. (1988).

2-Achenbach, E."totel and local heat transfer from smooth circular cylinder in cross flow at
high Reynold number " Int. J. heat mass transfer, Vol/18. Pp.1387-1395. (1975).

3- Minter Cheng ."fluid flow and heat transfer around two circular cylinders in side-by-side
arrangment " ASME Heat Transfer/Fluids Engineering Summer Conference (2004).

4- Sushanta Dutta; P. K. Panigrahi; and K. Muralidhar." Experimental Investigation of Flow
Past a Square Cylinder at an Angle of Incidence " Journal of engeneering mechanics
© ASCE/September (2008).

5- S. Turki, H. Abbassi, S.B. Nasrallah " Effect of the blockage ratio on the flow in a
channel with a built-in square cylinder " Computational Mechanics 33 (22-29)
Springer-Verlag ( 2003).

6- Koide, M., H. Okanaga, and K. Aoki Nasrallah " Drag reduction Effect of Square
Cylinders by Grooves and Corner-cuttings " Journal of the Visualization Society of
Japan, 26(1), 69-72.(2006).

7- Layukallo, T. and Y. Nakamura" Passive Separation Control on a Square Cylinder at
Transonic Speed " Transactions of the Japan Society for Aeronautical and Space
Sciences, 45(150), 236-242, (2003).

8-Koide Masakazu, Okanaga Hiroo and Aoki Katsumi " Characteristics of the flow around
corner-cutting square cylinders with grooves " Nihon Kikai Gakkai Kanto Shibu Sokai
Koen Ronbunshu Vol.12th;p.p.349-350(2006)

9- Kurata, M. and T. Morishita" Drag Reduction of a Bluff Body with Small Cutout at Its
Edges " Transactions of the Japan Society of Mechanical Engineer, 64(618), 397-404
(1998).

10- Yamagishil, Shigeo Kimura, Makoto Oki2and Chisa Hatayama" Effect of corner cutoffs
on flow characteristic around a square cylinder "/0" international conference on fluid
control, measurement and visualization ,Moscow, Russia (2003).

11- Thompson, J. F. Thomas, F. C. and Mastin "TOMACA-A code for numerical generation
of boundary- fitted curvilinear coordinate system on field containing any number or
arbitrary 2-D bodies " J. of computational physics, vol/24, pp 274-303, 1977.

12- Ferzigen, J. and Peric, M. "Computational method for fluid dynamic " 2-th edition
Springer, Berlin, (1999).

143



