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ABSTRACT: In this paper, the active flow control of flow-induced vibration of a circular cylinder
placed in the isothermal channel affected by jet injection is studied. The effect of flow injection on heat
transfer inside the channel has also been examined. For this purpose, three slots are placed symmetrically
in the upper and lower walls of the channel at distances 0, D, and 4D where D is the diameter of the
cylinder from the side surface. The main innovation of the present study is to evaluate the effectiveness
of' the proposed flow control method in terms of channel height. For this purpose, 6 channels with heights
of 5.5D, 6D, 7D, 8D, 9D, and 10D are considered to perform fluid-solid interaction simulations. The
finite element method has been used to solve the flow and energy equations. For coupling the movement
of the cylinder with the flow field, the dynamic mesh method is used. Numerical results show that for all

Keywords:

Vortex-induced vibration

. . . U . . . Jet flow
channels with different heights, jet injection, either unilaterally or bilaterally, from slot 3, has no effect
on displacement because the distance of the jet from the cylinder is large. By increasing the height of the Flow control
channel, the injection velocity must be increased to completely reduce the oscillations of the cylinder. ~ Vortex shedding

Channel heat transfer

1- Introduction

Vortex-Induced Vibration (VIV) of structures is of
practical interest to many fields of engineering. For example,
it can cause vibrations in heat exchanger tubes; it influences
the dynamics of riser tubes bringing oil from the seabed to
the surface; it is important to the design of civil engineering
structures such as bridges and chimney stacks, as well as
to the design of marine and land vehicles; and it can cause
large-amplitude vibrations of tethered structures in the ocean.
These are a few examples out of a large number of problems
where VIV is important. The practical significance of VIV
has led to a large number of fundamental studies [1].

VIV control methods can be divided into two different
aspects. From the first aspect, VIV reduction methods are
classified into two methods: (1) passive control and (2) active
control. From the second aspect, VIV reduction methods are
classified into two methods: (1) direct control of structural
vibrations and (2) flow control. In direct vibration control
methods, which are mainly active control methods, control
devices are connected directly to the cylinder and target
structural oscillations. In flow control methods, the amplitude
of VIV is indirectly reduced by making changes in the vortex
sequence or in the process of vortex fall [2]. Numerous
researchers have examined the effectiveness of this method
in recent years.

The combination of the VIV problem and heat transfer
is unavoidable in some engineering applications such as
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heat exchanger tubes [3]. They found that heat transfer
from a vibrating cylinder increases by 13% in the range of
the frequency matching region where the VIV frequency
approaches the normal frequency of the oscillator.

According to previous literature, it can be seen that
although much research has been done on VIV control by
jet injection, heat transfer of fixed cylinders with different
geometries, and also heat transfer of vibrating cylinders. But
the effect of jet injection from the walls of the channel was
not subject to the vibrations and heat transfer of the cylinder.
Therefore, in this study, the effect of changing the channel
height on the vibrational and thermal behavior of the cylinder
inside the channel, which is affected by the jet flow through
the walls, has been studied numerically. The finite volume
method has been used to solve the equations governing the
temperature and flow fields. The effect of single and double
jet injection, the distance of the jet from the cylinder, and
the change in channel height on the amplitude of the cylinder
vibrations, the vortex-shedding pattern, and the Nusselt
number have been investigated.

2- Methodology

In this study, the effect of jet injection from the lower and
upper walls of the channel on induced vibrations and heat
transfer from the channel with different heights of 5.5D, 6D,
7D, 8D, 9D, and 10D, where D is the diameter of the cylinder,
is investigated. A schematic of the problem is shown in Fig.
1. As can be seen, a channel with a constant temperature
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Fig. 1. Schematic of the present problem

boundary condition is considered. The cylinder can fluctuate
freely in the y (transverse) direction due to the collision of the
flow and the fall of the vortices. The slots are located on the
lower and upper wall of the channel at distances 0, D, and 4D
from the side of the cylinder (see Fig. 1).

The two-dimensional flow field is considered. The fluid is
Newtonian. The flow regime is laminar and incompressible.
There are no external forces such as electric and magnetic
forces. The equations of continuity, momentum, and energy
for a Newtonian incompressible fluid, regardless of viscosity
heat loss, are expressed as follows:

vV =0 (1)
p(%_fmw“):_vp NV @)
oC, (aa—f +V ' NT)=V.(AVT). 3)

wherep, T ,¢t, P, u,V , Cp ,and A are fluid density,
temperature, time, static pressure, dynamic viscosity, velocity,
heat capacity at constant pressure, and thermal conductivity,
respectively. If the cylinder is placed on an elastic substrate,
it will vibrate as the fluid flows. In this study, the movement
of the circular cylinder is in the y-direction. For the modeling
of cylinder vibrations, the classical mass-spring-damper
model with second-order differential equation can be used as
follows:
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Fig. 2. Uncontrolled cylinder response in a 7D height

channel in terms of Reynolds number

my +cy +ky =F, 4)

Wherem , ¢ , k and F, are the mass of cylinder, damping
ratio, spring stiffness, and lift force. The finite volume
method has been used to solve the governing equations and
the dynamic mesh has been used to model the rigid motion of
the cylinder.

3- Results and Discussion

In this study, the effect of flow injection from the upper
and lower walls as well as the change in channel height on
the vibration/thermal behavior of the vibrating cylinder was
investigated. Three slots are placed at close, medium, and far
distances from the cylinder.

Fig. 2 shows the maximum displacement changes of
the cylinder located in the channel with height 7D in terms
of Reynolds number. It can be seen that as the Reynolds
number increases, the displacement of the cylinder increases
abruptly due to the frequency matching in the locked region.

In this regard, the transverse displacement at Re =70 has

reached its maximum value (Y, =0.52). Fig. 3 shows the
maximum transverse displacement for the cylinder located in

the channel with height A =5.5D in terms of jet velocity.
Injecting the jet, either unilaterally or bilaterally, from slot
3 has no effect on displacement because the distance of the
jet from the cylinder is relatively large. On the other hand,
by increasing the injection velocity of slots 1 and 2 in both
single and double, the maximum displacement of the cylinder
is drastically reduced. It can be seen that the reduction in
displacement for slotl compared to slot 2 occurs at a lower
jet. Also, the effectiveness of double jets is much higher than
a single jet
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05 1. It can be seen that with increasing the height of the
channel, the maximum displacement of the cylinder also
04t 1 increases so that with increasing the height of the channel
—8—Slotlup from H =5.5D to H =10D , the maximum displacement

o3} _‘_g:ﬁgﬁ ] has increased by 15%.
E Slotlup-down 2. For low-altitude channels (H =5.5D,6D ), a
=l ——Slot2up-down complete reduction in displacement for slot 1 compared to
0zr -P-Slot3up-dowvn | slot 2, either as a single jet or as double jets, occurs at a lower

jet velocity.

3. Theamountofheat transfer increases with increasing
jet injection velocity and decreasing channel height. The
amount of heat transfer in double jet mode is more than a

0 2 4 6 S 10 single jet.

Fig. 3. Changes in cylinder displacement for a channel Rff(i:‘egces o . | of Fluid
with a height H =5.5D [1]P. Bearman, On vortex street wakes, Journal of Flui

Mechanics, 28(04) (1967) 625-641.

[2] A.H. Rabiee, Numerical Study on Vibration Attenuation
of Cylinder using Active Rotary Oscillating Controller,
International Journal of Engineering, 34(1) (2021) 202-
211.

[3] E. Izadpanah, A. Ashouri, M. Liravi, Y. Amini, Effect
of vortex-induced vibration of finned cylinders on heat
transfer enhancement, Physics of Fluids, 31(7) (2019)
073604.

4- Conclusion

In this paper, the ability of the jet injection method, either
unilaterally or bilaterally, from the upper and lower slots of
the channel, which are placed at different distances from the
cylinder, has been investigated according to the height of the
channel. The findings of this study are summarized below:
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Fig. 3. Residue variations in one time-step
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Table 1. The effect of Grid change on the lift and drag coefficients
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Fig. 4. Comparison of changes a) Maximum amplitude of transverse vibrations of an elastic cylinder [23] and b) Average
Nusselt number of stationary cylinders in terms of Reynolds number [24]

sl > a8 ool (il 5 Vb (Sl plagad em) 2o
Sl 8l odie ol
L JUI )5 aib)S 515 juidew abel periSle Ol (Al 0 S5
Olyass (S5 cpnod )0 283 o L Wiy 2 s 1) YD glas))
dae pSole dindi g Aol e g bay g Ty colps ausly anui
Lol Gagn) sae il b gl e o3 sl oad 039l 1 cduls
Hd ((Sad Jab asb o e dbel wilS g sl Ly & il
30 3 o bl iy ren 53 2gdie SaSE Ll
0 JS3) ol oy (Y, =107 ) 263 Hlade oy yidey 4 Re =V
&5 g ojb & Jlow jl g3l JUisl el (uilS8 Bl (s 1, I
od o O S )0 &S dad o (Sweludgyhed Colps dl iliél O]
5 oial38l Ll 5y dae il58l b cdwb sae diely lyuss g o
By ey g 395 e (i Ve s 3 9 hboe SIS e
alie L 5005 o s (00 B SE)cols a6 blusgs atals i
b cdub sae :80bo Sl 3wl jlibao (w8 ye olbols Sl b
@ posive (nl dgdien odmlio Ve ) 53 perine jlde S g0,
S 3 B 5 il Sy 3 0 15 slo )5 IS s
Sl dw g Jate ojle & Jlow (g553 5l (g)lMde 29 0 el a5 Cul
b alys Gall b clul sae ke jg) GRlEIL Ve s,

aely oyl a4 a8 b b o Gl jalis cady ) 00l b

VeQ

Jbieo g ulolyy bawgs dnlllas 15 loj—lia o ol g, ;) odlizul
dalais £gu 4l dw )0 uls ;0 Goles \j%’“’ Ly ped callas [YY]
Uil 58] gl sl ) atels SLSU oo o p3 a8 wilS )3 Sas Jab
4 bl dield anb pl jo a8 wilS )8 S Jab ddlaie S o i
Ll asels bases & LY aibaie 5 ol odus) 355 e (2
19 095 Jlew Bllad Buios (] D gd e 0> b il
N sam )3 pgw 4l )3 Lol 258 00 025 [V] @2 o @l b pgd 5 ol
395 oo odmli guls ;> M| (VYD ¢ VWO juan slacl) juain ) slacl
Copd ol b o gode o Gglae gla by, Jdo a4 pl &
Glp Voo o=V 5lgh, dae odgde jd loply Hadaw @yl Jlasl
ol 03y ol OF S 13 g dad o dumleer /Y July dae b Jlw
ol L SIFET N 3905 13 [YF] o po 5 ol om BMS] Moy ]
il o [YE] o po b ol adllas gl (285l onims olts ¥ S

mW g cou-Y
Orzeen g sl 9 Y sloojles b 35 Sl addlae gl )
0l gy () il (Sl Bl )8, JUST gl e
0l (Al wlgiwl a0 g lawgile «Sud5 Juolsd 1o Hld duw .l
o Gup el b Soghile gl ol glagiloans ool

93 o By Glp )50 )b g (b cla)ls I kis) 48 )bs, ©)ga



VYF L@ Ve domio AT ) Jlo & o)ladd OF 093 ¢y yuol Sl i 4 yuiis

(<)

<

0.8

0.6 -

max

CD

0.4

0.2

50 70 100

60

110 120

15.5

114.5

mean

13.5

A

110

13
50 100 120

Oyt () g 9 139 Gt jud Aol il ol gt () ¢ 50900 5 B G 59 LT, U JUIS 53 oo JpiS juidew Gowly ol gt (A1) L0 UG
Sl das (1be g dild

Fig. 5. (a) The Response variations of uncontrolled cylinder in the channel with height 7D in terms of Reynolds num-
ber, (b) The variations of Maximum amplitude of lift and drag coefficient, (c) The variations of amplitude and mean
Nusselt number
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Table 2. Percentage difference between the results obtained in the present study and the results obtained in
Refs. [23] and [24]
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and drag coefficient for channel with height # = 55D
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Fig. 14. Changes in the vorticity contours in the fully developed condition for different slots and channels

with different heights for velocity U, =3
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