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ABSTRACT: In this study, the effect of fluid-solid interaction on forced convection flow in a channel
with the two-dimensional incompressible fluid flow is investigated. One surface can exchange heat and
the other is elastic and insulated. As the fluid flows through the hot and oscillating elastic surfaces, the
rate of heat transfer to the fluid varies. In this case, the heat exchange rate behaves as a function of the
conditions of the oscillating elastic surface, one of the factors affecting the heat exchange is the vibration
amplitude of the elastic surface. Therefore, the aim of the simulation is to investigate the application of
the replacement of the elastic boundary with the rigid boundary in a part of the channel and the effect of  Keywords:
the maximum size of the amplitude of vibration of the vibrating elastic surface on the heat transfer rate.

Fluid-solid
It was found that the average Nusselt number and the average temperature of the air leaving the channel

increase with the replacement of the elastic surface with a part of the rigid channel boundary. Also,
with increasing the maximum amplitude of oscillation wall vibration, the Naselt number, the average

Elastic boundary
Forced convection
temperature of the output fluid, and the rate of heat transfer from the constant temperature level to the ~ Incompressible flow

operating fluid increases.. Nusselt number

1- Introduction

Different approaches have been proposed to enhance the
heat transfer rate, one of the newest of which is using elastic
vibration surfaces. The review of previous studies showed
that theoretically and from a simulation view, the issues of
heat transfer in Fluid-Solid Interaction (FSI) flows have been
under-evaluated. Moreover, FSI in industry, including heat
exchangers, has many applications. Thus, by considering the
fluid and channel flow with an oscillating elastic surface,
one can examine the effect of elastic surface vibration on
heat transfer rate in different geometric compositions. In this
study, a duct with solid and elastic surfaces is considered to
be a solid surface where the solid surface is associated with
heat transfer and the oscillating elastic surface is insulated.
The study tried the effect of elasticity and maximum
vibration amplitude of the surface on the rate of heat transfer
considering the elastic surface and the development of this
design. Reference [1-4] studied the effect of surface and
elastic blades on heat transfer. In most of the studies, the
elastic surface under the force of the moving operating fluid
begins to oscillate freely and the eclastic surface under free
vibration affects the flow. In such cases, Young’s modulus
is the main factor in the surface oscillation. Nonetheless, the
present study considered the forced sinusoidal vibration at
a frequency of 1Hz and various amplitudes for the eclastic
surface, and the effect of the maximum oscillation amplitude
on the current, which is less studied.

*Corresponding author’s email: Hdanandeh@tabrizu.ac.ir

2- Physical and Mathematical Models

Fig. 1 shows the geometry diagram examined where the
part of the rigid wall of the upper canal insulation has been
replaced with an elastic wall. In this case, fluid is the air agent
entering the two-dimensional channel with the velocity profile
developed with Reynolds number 100. The lower surface of
this channel is kept constant at a temperature of 343.15 K and
the upper surface of this channel is insulated. The average
inlet flow temperature is 293.15 K. The length of the replaced
elastic surface is 8 cm and its thickness is 1 mm and its Young
modulus is 50 MPa. This level with a frequency of 1 Hz in
four amplitudes of 1.3 cm, 1.0, 0.7, and 0.4 is subjected to
forced vibration.
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Fig. 1. . Elastic channel scheme
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The study considered slow, two-dimensional, unstable, and
incompressible flow, accompanied by forced convection heat
transfer, and the effect of gravitational force is ignored [5].
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At the above equations, t is the time, v the kinematic viscosity,
a the diffusion coefficient, p the density, ds the elastic surface
displacement, o, the stress tensor, and Fs external force.

Moreover, in solving FSI equations, the two boundary
conditions shown in Eq. (8) must be established, which is the
condition for the displacement and stress matching: [5]

a;its=V , o.n==p+uVV 2)

3- Results and Discussion

First, the rigid channel (without elastic surface) is solved and
the average Nusselt number and the coefficient of friction of the
surface are examined to ensure the accuracy of the results. The
results show a difference of 5.3 and 5.4%, respectively.

The results remain constant for a period of about 7 seconds
in 1 second. Thus, the desired parameters such as the Nusselt
number of the mean instantaneous moment after 8 seconds and
the stability of the answers in a periodicity are averaged and
the Nusselt number is obtained as the overall average, which is
compared with the Nusselt number of the average instantaneous
channel stiffness.

The flow lines become out of uniform and vortices are created
along the channel, the findings indicated that with the oscillation
of the elastic wall. Indeed, by fluctuating the elastic surface
and increasing the cross-sectional area of the channel, the fluid
moves near the elastic wall under the oscillator and reduces
the pressure in the elastic surface range, and causes the fluid to
flow to the desired range with relatively high pressure upstream
and downstream. This factor causes the vortices revealed. On
the other hand, by decreasing oscillation cross section, the flow
velocity increases, and the number of vortices increase. Hence,
with the increase in the maximum amplitude of the oscillation,
the strength and number of vortices increase and the current is
more affected by the oscillation of the elastic surface, changing
the flow velocity throughout the channel.

Indeed, with the oscillation of the elastic surface, the cross-
sectional area of the continuous channel changes and causes the
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Table 3. Mean Nusselt number and mean temperature at the
outlet section in a rigid channel with an elastic channel in different
amplitude

A=0cm A=04 A=0.7 A=1.0 A=1/3

cm cm cm cm
Tave[K] 32291 32249 32287 32388  324.92
(-0.1%) (-0.01%) (+0.3%)  (+0.6%)
NUave 458 4.58 4.60 4.67 478
(0.0%)  (+0.45%)  (+2.0%)  (4.4%)

pressure along the continuous channel to decrease and increase,
which causes a return flow and the formation of a vortex along
the channel. Thus, with increasing vibrational amplitude, the
pressure gradient increases and causes strong vortices.

With the vibration of the oscillator, the operating fluid
due to the formation of vortices and return flow, besides the
longitudinal motion, has transverse motion in the channel.
Hence, with an increase in the oscillation amplitude of the fluid,
it is more affected and the thickness of the temperature boundary
layer changes more. Additionally, it is affected by increasing the
oscillation amplitude of the downstream fluid, which results in
an increase in the heat transferred to the downstream fluid.

Furthermore, to understand the results of replacing the elastic
surface instead of the rigid surface better, besides the Nusselt
number, the average temperature at the channel output surface
for the rigid and elastic channel in the mentioned oscillating
amplitudes has been calculated relative to the rigid channel.

Ultimately, the parameters of the average Nusselt number
and the average temperature of the channel output surface in a
fixed time interval of 8 to 9 seconds are stabilized and the results
are mediated in the table to summarize the rate of improvement
of heat transfer in the channel with fluctuating elastic surface
relative to the rigid surface and given in Table 1 for comparison.
Additionally, the change of the studied parameters in the elastic
channel differs from oscillation ranges compared to the rigid
channel results is given in this table. For instance, with the
vibration of the elastic surface under the conditions mentioned
in the range of 1.3, the Nusselt average increases by 4.4%, and
the average output temperature increases by 0.6% compared to
the rigid channel, which indicates an increase in heat transfer.

4- Conclusions

The fluctuation of the elastic surface causes the flow lines
opposite the rigid channel to be non-uniform and changes at
every moment and eddies with various powers are created along
the channel.

Creating vortices caused by the oscillation of the elastic
surface causes more interference with the flow thus increasing
the rate of heat transferred from the surface to the flow. This
value increases continuously with the maximum increase of
the range.
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Fig. 3. Independence diagram of the answer of the mean Nusselt number of the mesh in the rigid channel at Re =100
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Table 1. The mean Nusselt number calibrated software.
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Table 2. The coefficient of friction calibrated software.
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Fig. 6. Velocity contour in the elastic channel with amplitude 0.4 at times of 8.25, 8.5 and 8.75m
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Fig. 7. Velocity contour in the elastic channel with amplitude 0.7 at times of 8.25, 8.5 and 8.75
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Fig. 8. Velocity contour in the elastic channel with amplitude 1 at times of 8.25, 8.5 and 8.75
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Fig. 9. Velocity contour in the elastic channel with amplitude 1.3 at times of 8.25, 8.5 and 8.75m

55l HLid bolas g 483 )3 Silug 1l cod )Lid pa belas ol
Laogy yob & StV jyo (ulS )8 g el &y ity SV jpe (o355
U Jsbo 5> 45 3950 oanlitio jLid (sl yguls 4 <85 L S (o S
g 393 (nl 45 29 o0 (1S (b2 Sl Carge g o3 (Al Lt
olos b i > 29de JU Jgb o albalsS el a2y 4
ool 32y 4 el g Wb (I3l g LS Atugy JUIS Job o )Lié
oRlBI L calpl e e JUU Jobo > als)S LSt 9 (iS00l >
S8y als )3 slxl oge g adly ilidl lis Lol S ils,l aels

39"%5"

gyoy

5 g e 0dis 03l i sla )3 el 3y A Cage Jolo ol a8
035 iy Gl Gl g el o il | 3 o
colwgs dield dinii 03101 (il L cplplo b o iol58] s ayls )3 slaas
gho ooy b Cov gt gl g ord jbn Laly)S sl 5 @)
e JUS g 3 ol s s g 5 355 o 3 K2
StV 5 o JUIS 3 ;L (el ygils VE b 1+ cla IS5 el 5

s 455 AIVD 5 A AIYD (gla o > il | obles) (sladiols |
sl ygslS sl o ooy s Vo S5 50 &S jelailes awl o 0ol
bloe Col LS cdaie 12 ) g 0392 w2 (Silge ho JUIT ) 5Lt
ok o3l Lo VB VY ela IS5 5 48 (St o Sl b Lol



FYVYY G FYFY daxbn MY - JL.J A b)l.mﬁ QY 0)92 6):45).:40] ‘&_&‘J&Q (swNR Ai)u.‘u

LT [

EE N | X107 Pa
227 35.53 68.78 102.03 135.29 168.54 201.8 235.05 268.31 301.56 334.81 368.07 401.32 434.58

o JULS o L gl Ve JSCi

Fig. 10. Pressure contour in rigid channel
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Fig. 11. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thickness of 4.8 mm
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Fig. 12. Pressure contour in the elastic channel with amplitude 0.7 at times of 8.25, 8.5 and 8.75
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Fig. 13. Pressure contour in the elastic channel with amplitude 1 at times of 8.25, 8.5 and 8.75
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Fig. 14. Pressure contour in the elastic channel with amplitude 1.3 at times of 8.25, 8.5 and 8.75
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Fig. 16. Temperature distribution in the elastic channel with amplitude 0.4 at times of 8.25, 8.5 and 8.75
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Fig. 17. Temperature distribution in the elastic channel with amplitude 0.7 at times of 8.25, 8.5 and 8.75
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Fig. 18. Temperature distribution in the elastic channel with amplitude 1 at times of 8.25, 8.5 and 8.75
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Fig. 19. Temperature distribution in the elastic channel with amplitude 1.3 at times of 8.25, 8.5 and 8.75
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Fig. 20. Velocity profiles along rigid channels
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Fig. 21. Velocity profiles in the elastic channel with amplitude 0.4 at times of 8.25, 8.5 and 8.75
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Fig. 22. Velocity profiles in the elastic channel with amplitude 0.7 at times of 8.25, 8.5 and 8.75

ey o Sl diold (iul38l b 25 o sdalie ais 0 b o LialS 4 oYU abs | 5 eS8 b g SV Hlis Lo b 2gd 0 sanlin
b dgui oo odaliie ol oyl jo iy o bl o ol38l b > diuig L ahaie pmaw Lials o] cle a5 595 oyt Jlw oy ol dlas
Ol G 0l 3 ol SLbI s Jlow o aialy (o) a8y gaw YU 4 ol dba ) e <8 b ppmen il (23 (39 B

Aol Aty (38l L g Wb o il by ady JUK Ly 5> g il 8] by Gy A 5D g 398 0 ()b CuiS p crge g 0dd 3L alade

&y



FYVY B FVFY doio VFe v Jlo & oyled OF 593 ¢y prol CSilSlo (wbites &yt

AIVD 5 A B AITD slle) 1) asls by Sl JUIS 50 Los 29395 T S5

Fig. 23. Velocity profiles in the elastic channel with amplitude 1 at times of 8.25, 8.5 and 8.75

5

— — e { N T P
=y —_— o il b — _— P
—— — w— X e, — -—
— —_— - et -~ — - :
— —_— ——— =~ ,—— -— — —
X = o — e e S —
[— — -
s E =
Ef = =

— e — e =~ —

g - //"’ = = >

=g — - —mt 2= e

AIVD 5 ABs AITB slle; 1 /¥ aiols b Suiw¥l JUIS 10 oo & 595 YF S5

Fig. 24. Velocity profiles in the elastic channel with amplitude 1.3 at times of 8.25, 8.5 and 8.75
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Fig. 25. Mean Nusselt number in rigid channel and elastic channel in the amplitude of 0.4, 0.7, 1 and 1.3 cm
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Fig. 26. Mean fluid temperature in rigid channel and elastic channel in the amplitude of 0.4, 0.7, 1 and 1.3 cm
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Table 3. Mean Nusselt number and mean temperature at the outlet section in rigid channel with elastic chan-
nel in different amplitude.
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