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Rapid change in electronic industries product rise the device temperature which required cooling to 

avoid device failure and provide longer life span. Thin package device no longer able to use fan or 

pipe-based cooling due to space constraint. The zero net mass flux with thinner device dimension 

become major advantages for future electronic cooling. In this research, synthetic jet has been 

modeled to study the characteristic of temperature reduction and velocity produced during cooling. 

ANSYS FLUENT® software has been used to characterize the fluid and heat temperature behaviour. 

Three turbulent models in ANSYS FLUENT® have been chosen: k-ε, k-ω and SST k-ω. The 

comparison on heater surface temperature and velocity at 1 cm distance has been compared with 

experimental data. The results show that SST K-ω contour produces 91% result similarity on 

temperature and velocity compared to other turbulent models. 
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I. INTRODUCTION 

 
Synthetic jet used convective heat transfer for electronic 

cooling applications. It is critical for current electronic devices 

that power consumption increases along with the downscale of 

device dimension that result to low space availability for heat 

to dissipate. Synthetic jets are jets with zero-net-mass-flux, 

directly develop from the fluid system in which the jet actuator 

is embedded (McQuillan et. al., 2014; Silva-Llanca & Ortega, 

2017; Greco et al., 2017). 

A synthetic jet working principal from the oscillating 

diaphragm in a cavity, which produces changes in swept 

volume which entrained into and ejected through the nozzle as 

shown in Figure 1. Mahalingam and Glezer (2013) and  

Mangate and Chaudhari (2016) used synthetic jet to reduce 

surface temperature from 70oC to 36oC which has higher power 

dissipation 20-40% compared to fan with heat sink. The 

diaphragm motion is practically achieved by a piston type 

motion to obtain the desired amplitude or frequency (Firdaus 

et. al., 2018; Chaudhari et. al., 2011; Tan et al., 2015). 

Numerical studies on thermal performance of synthetic jet 

very limited in published literature that focusing the 

turbulent model comparison with experimental result using 

3D structured meshing type due to meshing form 

complexity behaviour during fluid and heat simulation that 

commonly not able to match integrate. 

 

 

Figure 1. Synthetic Jet motion; (a) suction stage and (b) 

ejection stage (Firdaus et al., 2018) 

 
In numerical study, User Define Function (UDF) is used 

for the diaphragm motion using dynamic layering mesh.  

The UDF produces the sinusoidal periodic diaphragm 

motion from Equation (1): 

 



ASM Science Journal, Volume 14, Special Issue 1, 2021 for  ICSTSS2018 

 

 

 

144 

  y=A sin (ωt)     (1) 

 
where A is the diaphragm amplitude, ω is the angular 

frequency and t is time. 

When the frequency drive at resonance, lower power effort 

required which make higher cooling rate as stated by Tan et al. 

(2015) and Firdaus et al. (2018). The heat transfer coefficient 

value, h can be determined using Equation (2): 

 

h=qconv / (Ts-T∞ )                (2) 

 

where Ts is the heated surface data temperature, qconv is the 

total net heat flux and T∞ is the ambient data temperature. 

Turbulence model in ANSYS FLUENT® has widely used to 

predict the effect of computational fluid dynamic (CFD) 

characteristic environment.  

In this paper, there are three types of turbulent models; k-

epsilon (k-ε), k-omega (k-ω) and shear stress transport k-

omega (k-ω SST) that will be studied for characterizing the heat 

transfer in ANSYS FLUENT® software (Tang & Zhong, 2005; 

Wang et al., 2006), which suitable to show the fluid and heat 

behaviour at given parameter. Turbulent model selection is a 

vital concern to simulate better output which response nearly 

similar characteristic with experimental results pattern 

(Ramon et al., 2017). The fabricated model was tested for heat 

transfer performance. The results obtained from the simulation 

and experiment were compared for heat removal performance 

pattern similarities (Harinaldi, 2012). Currently, numerical 

studies on thermal performance of synthetic jet in published 

literature for the turbulent model comparison with 

experimental result using structured meshing type was very 

limited. 

 

II. METHODOLOGY 

 
The synthetic jet was modelled in ANSYS FLUENT® numerical 

simulation for resonance frequency determination and 

fabricated using rapid prototyping for several experiments’ 

analysis. 

 

A. Numerical Parameter 

 
Structured meshing able to reduce the processing time and 

increase the fluid behaviours results.  Table 1 shows the model 

dimension and operating range. The numerical simulation was 

carried out for 1,000 cycles which equal to 10000-time step 

to obtain steady velocity output and smaller time steps able 

to capture more details on the changes happen during 

fluctuation. Each 100-time step per cycle, the iteration was 

continued up to the residual of mass and momentum 

decreasing below 10-3 and energy residual were reduced 

below 10-6, which is the the computation criteria of 

convergence. Temperature results were taken every 45th 

time step which the position of diaphragm during the 

ejection stage and 85th time step at suction stage for 1 cycle. 

 

Table  1. Numerical setup parameter 

Parameter Unit 

Frequency 500 Hz 

Volume Chamber 5 mm 

Nozzle diameter 2mm 

 

There are three different turbulent models selected; k-

epsilon (k-ε), k-omega (k-ω) and shear stress transport k-

omega (k-ω SST) and tested. Structured meshing has been 

used throughout this research in order to reduce computing 

processing time and organize results pattern. The detail 

boundaries in the computational domain were shown in 

Figure 2. The boundary and initial conditions are as follows: 

a) Diaphragm sinusoidal motion; (Eq.1) 

b) Wall: x = y = z = 0 (No motion) 

c) Outlet Pressure, P= 0 Pa (No Pressure Different) 

 

 

Figure  2. Computational domain boundary conditions 

 

B. Experimental Setup 

 
Figure 3 shows the experiment setup where 20Watt heater 

were used as the heat source. The synthetic jet was fixed at 

50 mm distance from the heated surface. 500 Hz sinusoidal 

frequencies signal was supplied and monitored with 

external oscilloscope. Data logger system was used to 
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record the ambient temperature and heater surface 

temperature. The data logger start to record the temperature 

data as the experiment started. The heater temperature 

fluctuate when the synthetic jet start cooling and it takes 15 

minutes to stabilize in order to maintain the cooling 

temperature at the heater surface. 

 

 

Figure  3. Thermal experimental setup 

 

III. RESULTS & DISCUSSION 

 
Numerical results show that the k-ω SST has nearly similar 

pattern compared to other turbulent models as plotted in 

Figure 4. The K-w and K-e models have more than 100% 

different far from the experimental results while only 3% of 

differences between experimental velocity output result and k-

ω SST turbulent model compared to other turbulent models. 

The k-w SST model able to predict close to experimental output 

velocity as mentioned by Zschirnt et al. (2013) and SST k-w 

model was the best predicting near field heat transfer.  

 

 

Figure  4. Turbulent model velocity results comparison ANSYS 

FLUENT® 

 
Figure 5 shows the temperature contour at the heater surface 

for different turbulent models. The heater was set to 343K 

temperature as shown in Figure 5(a) before the diaphragm start 

to fluctuate, the air flow out from the nozzle will reduce the 

heater temperature. Wood has been used to avoid heat 

distributed outside the heater surface. All turbulent models 

able to show the same surface contour where constant 

temperature was observed for the wood area and rainbow 

temperature different at the heater surface area. The 

temperature reduction exhibits like the experimental 

characteristic. The k-w SST able to show more temperature 

contour compared to other turbulent models (Chaudhari et 

al., 2011). The efficiency and accuracy, the shear stress 

transport k-ω (SST) turbulence model combining the 

advantages of the standard k-ω model and k-w (Zhang & Xie, 

2018). 
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Figure  5. Heater surface contour results comparison for 

different Turbulent model ANSYS FLUENT® 

 

Table 2 shows the heater surface comparison from the 

experimental and turbulent model results. Heater surface 

temperature result for k-w SST has the lowest different to 

experimental data. Other turbulent models also have good 

temperature result which below 10% different. Based on the 

velocity output and heater surface temperature results, the k-ω 

SST turbulent model predict more closer to experimental 

results which later will be for further synthetic jet study. 

Table  2. Parametric range for numerical setup 

 
Heater 

Surface 

Temperature 

(K) 

Different 

(%) 

(Model – 

Experiment) 

/(Experiment) 

Experimental 328.4 - 

k-epsilon (k-ε) 300.5 8 % 

k-omega (k-ω) 298 9 % 

k-omega (k-ω) 

Shear Stress 

Transport 

(SST) 

325 1 % 

 

IV. CONCLUSION 

 
Structure meshing synthetic jet model was designed to 

select the suitable turbulent model that exhibits near to 

experimental data. The use of k-ω SST turbulence model 

has 5% different compared to other models for predicting 

the velocity and surface heater temperature characteristics. 

Hence, k-w SST turbulence model can be used for future 

research on the effect of synthetic jet volume chamber on 

cooling. 
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