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Fig. 19 compares the pressure drop (Δp) of the 

channel between the stationary case and a=0.24 and 
a=0.48 cases with Re=1820. The result shows that the 
piezoelectric fan’s vibration has less effect on the 
pressure drop of the channel. Compared with the 
stationary case, the piezoelectric fan operated at 
a=0.48 and Re=1820 only enhances the pressure drop 
by 12.5%. This phenomenon is explained as follows:  

The viscous dissipation function of a Newtonian 
fluid in a laminar channel is 
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For laminar flow in a channel, u�� v, u�� w and 

∂/∂x�� ∂/∂y, ∂/∂x�� ∂/∂z. Therefore, Eq. (16) can be 

simplified as 
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Eq. (17) shows that the flow resistance of the channel 
mainly depends on the velocity of the main flow. 
Because the longitudinal vortexes mainly change the 
lateral velocity, the piezoelectric fan’s vibration has a 
low effect on the flow resistance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
From the analysis above, the main price of using 

piezoelectric fan comes from its power consumption 
(37 mW for a=0.66). Considering the real-time ad-
justability of the piezoelectric fan, its real power 
consumption is related to its running time, so it is 
better to use a piezoelectric fan as an assistive device 
to solve the hot-spot problem or the local temperature 
control problem in electronic cooling systems. 

 
 

5  Conclusions 
 
The present work experimentally and numeri-

cally investigates the local heat transfer enhancement 
induced by a piezoelectric fan with cross flow in a 
local heated channel. Main findings from the study 
are as follows: 

Fig. 17  Temperature contours and velocity vectors for the
vibrating cases in the cross section of x=80 mm in the vi-
brating cases (Re=1820) of a=0.24 (a) and a=0.48 (b) at
t=�2/4 

Fig. 19  Pressure drop of the channel  
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Fig. 18  Distributions of the dimensionless local boundary
heat flux ratio in the vibrating cases (a=0.48) of Re=910 (a)
and Re=1820 (b) at t=�2/4 
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1. A vibrating piezoelectric fan can substantially 
improve the local cooling performance of the channel. 
Compared with the stationary case, the piezoelectric 
fan operated at a=0.66 and Re=1820 enhances the 

time-averaged mean Nusselt number ( Nu ) by as 
much as 119.9%. 

2. The heat transfer enhancement mainly comes 
from the longitudinal vortex pairs generated by the 
piezoelectric fan, which greatly promote the heat 
exchange between the hot fluid near the heated walls 
and the cold fluid in the main flow. 

3. The piezoelectric fan’s vibration has less ef-
fect on the pressure drop of the channel. In the case of 
a=0.48 and Re=1820, the pressure drop is only in-
creased by 12.5%. 

Based on the results presented above, the piezo-
electric fan has good prospects for local heat transfer 
enhancement. It allows the cooling circuit to be op-
erated at lower mass flow rate while keeping the 
hot-spot area working safely. Future studies will fur-
ther investigate the interaction between the main-
stream and the piezoelectric fan by presenting more 
visualization work. Moreover, more parametric in-
vestigations should be conducted to figure out the 
main parameters and develop mathematical models. 
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中文概要  

 
题 目：压电风扇对管内局部受迫对流换热的强化效果 

研究 

目 的：电子设备的局部过热问题对散热系统的设计提出

了新的考验。针对传统被动式散热技术调节困难、

调节代价大等问题，本文提出使用压电风扇作为

控制元件对管内局部过热区域进行主动对流换热

效果强化的方案，期望通过实验与数值模拟研究

掌握压电风扇在管内横流作用下的流动控制特性

及强化传热机理，为压电风扇在实际工程中的应

用提供理论指导。 

创新点：1. 通过基于等温设计的实验系统测试加热面在

压电风扇作用下的时均努塞尔数，并证明压电风

扇对管内局部区域对流换热效果的强化能力；  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2. 通过数值模拟分析压电风扇的纵向涡产生特性

并解释纵向涡对局部对流换热效果的强化机理。 

方 法：1. 利用铜热沉导热快、热容大等特性建立定常的

等温换热面，并测量得到等温壁面在压电风扇作

用下的时均努塞尔数；2. 使用基于动网格技术的

数值模拟，得到压电风扇作用下的流场与温度场

信息，分析压电风扇的流动控制特性，并解释压

电风扇强化局部对流换热的机理；3. 通过参数化

研究说明振幅和来流雷诺数对压电风扇强化对流

换热效果的影响。 
结 论：1. 压电风扇的振动可以显著地强化管内局部区域

的对流换热性能；2. 压电风扇引起的对流换热强

化主要来自其振动产生的纵向涡对；3. 压电风扇

的振动对管内流动压降的影响较小。 

关键词：压电风扇；局部对流换热强化；受迫对流；纵向

涡；压降 

 


