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Abstract — Thermal systems in small devices like cooling 
electronic chips require efficient technologies with small 
diameter channels. These systems have laminar flow and 
disrupted boundary layers, leading to high pressure drop values. 
To ensure sufficient flow and limit coolant temperature, a 
possible solution is to dynamically deform one channel wall to 
mimic pumping and disrupt boundary layers, creating a 
peristaltic effect, called a dynamic heat exchanger. The aim of 
the present numerical study is to explore the effects of different 
operating parameters of the dynamic wall heat exchanger on the 
heat transfer performance. In our numerical study we varied 
different operating parameters (amplitude of vibration A, 
frequency f, minimum gap between upper and lower wall H and 
pressure difference ∆P) and observed how it affects the 
performance of the dynamic wall heat exchanger in terms of 
mass flow rate of coolant (water) and heat transfer coefficient. 
A crucial finding is that the distribution of isotherms and 
streamlines is adequate, and heat transfer is significant when the 
relative amplitude is high. Additionally, this type of wall can 
generate substantial heat transfer even with minimal externally 
applied pressure. 
 

Keywords — Dynamic Wall Heat Exchanger, Computational 
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I. INTRODUCTION 
Thermal systems used in miniature devices, such as 

cooling embedded electronic chips, microelectronics, power 
stations, heat pumps, and industrial processes in metallurgy, 
require efficient technologies involving small diameter 
channels with hydraulic diameters in the millimeter range. 
These systems mostly exhibit laminar flow, and the boundary 
layers are not effectively disrupted with lower applied 
pressure differences. To maintain sufficient flow in these heat 
exchangers and achieve the desired heat transfer rate, high 
fluid velocities need to be obtained by pumping at high 
pressure. However, large pressure drops make it difficult to 
maintain such high pressure in fluids. To address this 
problem, one possible solution is to produce a dynamic 
deformation of one of the channel walls to create a peristaltic 
effect that causes the coolant fluid to flow within the heat 
exchanger at low applied pressure on the fluid domain. This 
type of heat exchanger is known as dynamic heat exchanger. 

Several previous studies have investigated the effects of 
various parameters on heat transfer in such thermal systems. 
Billah et al. [1] observed that motion and high velocity of the 
flow through a moving body increased the Nusselt number, 
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leading to higher heat transfer. Rafi et al. [2] analyzed the 
effects of flow velocity (Reynolds number) and channel 
inclination angle and found that the effect of inclination angle 
is more prominent at low fluid velocities. Hossain et al. [3] 
studied unsteady fluid flow and heat transfer in a sin wave 
wavy channel numerically and found steady separation 
bubbles at the trough of the waves at low velocity. 
Selimefendigil et al. [4] investigated pulsating mixed 
convection in a multiple vented cavity and found that the 
minimum Nusselt number values were obtained at the highest 
frequency due to the system's adaptation to its new flow 
condition with increasing frequency, leading to decreased 
heat transfer performance.  

Kumar et al. [6] and Schmidmayer et al. [7] studied heat 
transfer inside circular sub-millimeter size channels with both 
static and moving sinusoidal corrugated walls. Fontaine et al. 
[8] studied planar peristaltic pumping devices for CPU 
cooling. Léal et al. [9] presented numerical modeling to 
determine the fluid flow and thermal performances when one 
of the channel walls of a heat exchanger was set in continuous 
motion in a sinusoidal way. The effects of different operating 
parameters i.e., such as frequency (f), amplitude (A), pressure 
drop (∆P), minimum gap between static and dynamic wall 
(H) and number of crests in the sinusoidal shape (N) of the 
dynamic wall heat exchanger on the heat transfer 
performance has not been thoroughly investigated. 
Numerical analysis involves solving mathematical equations 
using computational methods. Recently computation fluid 
dynamics and machine learning have been used to solve 
different mathematical problems [10]-[12]. In this paper we 
studied how these different operational parameters influence 
the heat transfer and pumping performance of the heat 
exchanger. In addition, streamline and isotherm in different 
relative amplitude and Oscillation frequency have been 
investigated which has not been studied before in detail.  

 

II. PHYSICAL MODELLING 
The studied configuration is depicted in Fig. 1a. This 

configuration represents a steady-state model, and initial 
values are assumed to be equivalent to the steady-state 
condition. Using this assumption, the transient model is 
resolved over a specified time range of 0 to 50/freq, as 
depicted in Fig. 1b. The proposed system is a channel that is 
50 mm × 50 mm × Hmm in size. 
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Water flows through this channel, and a constant heat flux 
of 125 W is applied to the lower wall. The upper wall is 
dynamically deformed into a sinusoidal waveform. Pressure 
is maintained at the inlet, and the outlet is thermally insulated 
without any applied pressure. The dynamic wall is also 
thermally insulated, and both walls are always subject to a no-
slip condition. The ambient temperature is kept constant at 
T = 27°C. 

 

 
(a) 

 
(b) 

Fig. 1. a) Schematic diagram of static physical domain; b) wall parameters. 
 

III. GOVERNING EQUATION 
The present investigation employs the continuity, Navier-

Stokes, and energy equations to numerically solve for the 
water domain, utilizing the boundary conditions specified in 
Table 1. The density is modeled as a function of temperature, 
and the Boussinesq approximation is implemented, yielding 
the resultant equations given in (1), (2), and (3). 

 

     (1) 
 

  (2) 
 

 (3) 
 

The solutions for both static and dynamic cases have been 
determined. The solution for the static case is utilized as the 
initial values for solving the dynamic case. The equation that 
governs the displacement of the sinusoidal moving wall 
includes two smoothing functions or Heaviside functions 
(denoted as flc2hs) with two arguments, which are applied to 
disregard the starting effects of the flow. 

The Dynamic wall is governed by (4), (5), and (6). 
 

  (4) 
 

    (5) 
 

 (6) 
 

The overall heat transfer coefficient, h is defined as (7). 
 

     (7) 
 

IV. BOUNDARY CONDITIONS 
The boundary conditions to solve both the static and 

dynamic case are shown in Table I. 
 

TABLE I: BOUNDARY CONDITIONS 

Fluid dynamics 
condition 

Inlet P = 50 Pa 
Outlet P = 0 Pa 

Fixed wall u = v = 0 
Dynamic wall u = v = 0 

Thermal condition 

Inlet T = Tamb = 27 ⁰C 

Outlet 
 

Fixed wall q = 50 000 W/m2 

Dynamic wall 
 

 

V. NUMERICAL PROCEDURE AND VALIDATION 
The technique used for solving the governing equation 

under static conditions is the Galerkin weighted residual 
method applied to the finite element method. However, for 
transient conditions, the arbitrary Lagrangian-Eulerian (ALE) 
method is utilized. A different numerical approach is 
necessary when the wall undergoes deformation, which 
results in domain deformation, requiring a freely moving 
mesh that is compatible with the ALE method. Fig. 2 shows 
a magnified view of the deformed mesh. To reduce 
computation time, an extra coarse mesh is used, despite the 
fact that a finer mesh would yield better accuracy. For the 
transient case, the time step is selected to be 1/f/20, and the 
solution is computed for a time duration of 50/f. 
 

 
Fig. 2. Magnified image of the deformed mesh at A = 0.9, N = 10, f = 50 

Hz and H = 1 mm. 
 

To ensure the accuracy and reliability of the current 
numerical simulation in solving similar types of problems, a 
validation process was conducted by comparing the mass 
flow rate obtained in the present study with that of a previous 
study by Leal et al. [9]. The mass flow rate in kgm-2s-1 was 
calculated by dividing the current paper's mass flow rate by 
the flow area for various relative amplitude values expressed 
as a percentage. The results obtained from the present code 
were then compared with those of Leal et al. [9], and it was 
observed that they closely match, as shown in the Fig. 3 This 
provides evidence that the current numerical procedure is 
valid and can be applied to similar types of problems. 
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Fig. 3. Comparison of G (kgm-2s-1) vs A(%) graph between present model 

and that of Leal et al. [9]. 

VI. RESULTS AND DISCUSSION 
Fig. 4 shows the streamlines for different values of relative 

amplitude (A) and Oscillation frequency (f) which reveals 
that when the amplitude is low, the streamlines tend to 
concentrate at the bottom, resulting in an uneven flow 
distribution. This phenomenon can be attributed to the denser 
flow at the bottom, which renders the dynamic wall's impact 
on the fluid flow insignificant. As the amplitude of dynamic 
wall deformation increases, the flow becomes more 
dispersed, leading to a more effective heat transfer. While a 
change in frequency at lower amplitudes results in a 

significant shift in the flow pattern, the same alteration at 
higher amplitudes has no significant effect on the streamlines. 
Hence, higher amplitude and frequency both improve the 
flow performance. 

 

 
 

(a) (b) 

  
(c) (d) 

  
(e) (f) 

Fig. 4. Streamlines for a) amplitude A= 0.4, f = 25 Hz; b) amplitude A= 
0.4, f = 50 HZ; c) amplitude A= 0.6, f = 25HZ; d) amplitude A= 0.6, f = 50 
HZ; e) amplitude A= 0.99, f = 25 Hz; f) amplitude A= 0.99, f = 50 Hz, at 

time, t = 1 sec (N = 10, DP = 50 Pa, H =1 mm). 
 

Fig. 5 shows the isotherm for different values of relative 
amplitude (A) and Oscillation frequency (f). It is clearly 
visible that at lower amplitudes, the isotherms in a channel 
with dynamic walls display concentrated heat distribution 
towards the bottom, indicating uneven thermal behavior. This 
is due to the reduced impact of dynamic wall effects at lower 
amplitudes. 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

  

 

(g) (h)  
Fig. 5. Isotherms for a) amplitude A= 0.4, f = 25 Hz; b) amplitude A= 0.4, f = 50 HZ; c) amplitude A= 0.6, f = 25HZ; d) amplitude A= 0.6, f = 50 HZ; e) 

amplitude A= 0.8, f = 25 Hz; f)  amplitude A= 0.8, f = 50 Hz; g) amplitude A= 0.99, f = 50 Hz; 
h) amplitude A= 0.99, f = 50 Hz, at time, t = 1 sec (N = 10, DP = 50 Pa, H =1 mm). 
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However, increasing the amplitude results in more uniform 
heat distribution across the channel height, making the 
dynamic wall effects more noticeable. At lower amplitudes, 
changes in frequency have no discernible effect, whereas, at 
higher amplitudes, they do. 

The alignment between the streamline and isotherm 
patterns within the heat exchanger indicates a concurrence in 
the flow behavior and temperature distribution. As the fluid 
is distributed with higher amplitude, there is greater 
uniformity in the heat transfer process. Enhanced heat and 
mass transfer are observed at higher amplitudes and 
frequencies, with the optimum performance observed at a 
relative amplitude of 99% and a frequency of 50 Hz. 

Fig. 6 depicts the relationship between mass flow rate and 
relative amplitude. The graph indicates that as the amplitude 
of the wall motion increases, the mass flow rate also 
increases. This phenomenon occurs because the flow in the 
dynamic wall heat exchanger is not solely driven by the 
pressure difference, but also by the wave of deformation 
induced by the motion of the wall. This sinusoidal movement 
of the wall causes a peristaltic action that pumps a greater 
volume of fluid through the gap, leading to an increase in the 
mass flow rate as the amplitude of the wall motion increases. 
Furthermore, for a given amplitude, the mass flow rate is 
greater when the channel height (H) is increased. However, 
the increase in flow rate does not vary with amplitude, as 
indicated by the parallel lines in Fig. 6. This increase in mass 
flow rate is a result of the increase in inlet areas with higher 
channel height, whereas amplitude does not have an 
additional effect on this height. 

 

 
Fig. 6. Mass flow rate, m vs relative amplitude, A 

(N=10, f=50Hz, DP=50Pa). 
 

The height of the dynamic wall is varied and that variation 
in the height of a dynamic wall causes an increase in the 
extent of variation as the amplitude increases, resulting in 
greater mixing. The troughs between two waves experience 
mixing, and the highest heat transfer occurs at the trough 
where thermal resistance is lowest, owing to the decrease in 
the fluid domain between the heat flux and dynamic wall. 

At higher amplitudes, the lowest point becomes closer to 
the fixed wall, resulting in a higher heat transfer coefficient, 
as evidenced by both Fig. 7 and Fig. 8. 

 
Fig. 7. Heat transfer coefficient, h vs relative amplitude, 

A (N=10, DP=50Pa). 
 

 
Fig. 8. Heat transfer coefficient, h vs mass flow rate, m (N=10, DP=50Pa). 

 
Fig. 7 reveals that, at the same amplitude, a dynamic wall 

moving at a higher frequency exhibits a higher heat transfer 
coefficient. This is anticipated, as more peristaltic motions of 
the wall lead to increased mixing. Moreover, Fig. 8 indicates 
a slight increase in the heat transfer coefficient when channel 
height is raised, owing to a greater mass flow rate and 
resulting mixing. However, the heat transfer increase at the 
same relative amplitude is very minor. Therefore, increasing 
the channel height does not contribute significantly to the 
enhancement of the heat transfer coefficient. 

As the frequency of waves increases, the wavelength 
decreases, resulting in a smaller volume of fluid between each 
pair of troughs, albeit with a marginal change. According to 
Fig. 9, a decrease in wavelength (N = 10) leads to a slightly 
higher decline in heat transfer coefficient at lower relative 
amplitude, whereas higher wavelength (N = 8) results in 
greater heat transfer. This trend is reversed at very high 
relative amplitude. Between the range of 0.85 < A < 0.9, all 
three analyzed wavelengths exhibit the same outcome. Since 
N = 10 displays less variation with relative amplitude, it is 
recommended as the optimal performance parameter. 

The flow in a given domain is driven by two factors: the 
pressure difference in the direction of the flow and the 
pumping action induced by the dynamic wall. Consequently, 
a small pressure differential is sufficient to achieve the 
desired flow rate and the desired heat transfer performance. 
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Fig. 9. Heat transfer coefficient, h vs relative amplitude, 

A (f=50Hz, h=1mm, DP=50Pa). 
 

 
Fig. 10. Heat transfer coefficient, h vs relative amplitude, 

A (f=50Hz, N=10). 
 

As illustrated in Fig. 10, regardless of the magnitude of the 
externally applied pressure difference, the heat transfer 
remains constant at higher amplitudes. This stands in contrast 
to a static wall, where the pressure difference serves as the 
sole driving force and an increase in heat transfer is expected 
with increasing pressure. Therefore, the primary advantage of 
a dynamic wall heat exchanger is its ability to achieve very 
high heat transfer coefficients with a small pressure 
difference. 

VII. CONCLUSION 
This paper focuses on investigating the impact of various 

parameters on the performance of a recently introduced heat 
exchanger, known as the dynamic heat exchanger. 
Specifically, the study analyzed the effects of the amplitude, 
number of waves per unit length, and frequency of oscillation 
of the dynamic wall, as well as the externally applied pressure 
on the fluid domain. Finally, the following conclusion is 
drawn about the optimum performance parameters: 

1) Mixing intensification takes place at higher 
amplitudes owing to the prominent performance of the 
dynamic wall. 

2) A higher frequency results in an accelerated peristaltic 
action of the dynamic wall, thereby augmenting heat 
transfer. 

3) Opting for a smaller height channel is preferable due 
to a marginal improvement in performance beyond a 
certain channel height, and because of the desire for a 
compact heat exchanger. 

4) As the dynamic wall motion induces flow, a minor 
pressure difference is adequate to achieve a high heat 
transfer coefficient. 
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