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1. Introduction 42 

In recent decades, with the increasingly serious problems of environmental pollution 43 
and energy shortage, harnessing renewable clean energy from a natural environment 44 
has become one of the focus of academic research [1]. The energy generated by flow-45 
induced vibrations (FIVs) is widely presented in our daily life and natural environment  46 
[2,3]. Such vibration energy can be converted into usable electrical energy through 47 
various pathways such as electromagnetic [4-6], electrostatic [7,8], triboelectric [9,10], 48 
piezoelectric [11-14], etc. Among them, piezoelectric technology has attracted wide 49 
attention due to its relatively high power density and easy implementation [15]. It 50 
provides an effective solution to the power supply problems of microelectronic devices 51 
such as wireless sensor networks (WSN) and microelectromechanical systems (MEMS) 52 
[16].  53 

Researchers have developed different piezoelectric energy harvesters (PEHs) 54 
through different types of FIVs mechanism, including vortex-induced vibration (VIV) 55 
[17,18], galloping [19], flutter [20], and wake galloping [21]. To investigate their 56 
internal electromechanical coupling mechanism and aerodynamic response, both 57 
theoretical analysis and experimental studies have been conducted [22-25]. In order to 58 
enhance the performance of energy harvesting, a large amount of configurations were 59 
designed by using various aerodynamic shapes of the bluff bodies [26], adding 60 
detachable accessories [27], combining hybrid vibrations in a unique energy harvesting 61 
unit [28-33], and introducing nonlinear mechanisms [34-36], etc. They aim to increase 62 
the vibration response of the structure. In particular, Taylor et al. [37] designed an "eel" 63 
shaped energy generator that uses periodic vortex shedding behind the bluff body to 64 
tighten the piezoelectric element and gain electrical energy from the mechanical 65 
vibration. Weinstein et al. [38] attached a movable aerodynamic fin to the end of the 66 
piezoelectric cantilever to manually tune the resonance frequency of vortex-induced 67 
vibration piezoelectric energy harvester (VIVPEH), which expanded the bandwidth of 68 
a wind speed, and the effective range of the wind speed was 2 to 5m/s. Wang et al. [39] 69 
obtained the Y-shaped galloping piezoelectric energy harvester by adding a "Y-shaped" 70 
attachment to the bluff body, and determined the transition process from vortex-induced 71 
vibration to galloping vibration. Hu et al. [40] found that the relative position between 72 
the twin energy harvesters is crucial to its power generation efficiency. The energy 73 
production of the two energy traps in series or staggered arrangement was studied via 74 
wind tunnel experiments, and the optimal relative position was determined to provide 75 
the best output power. Bibo et al [28] has proposed the modeling and characterization 76 
of a piezoelectric energy harvester under combined aerodynamic and base excitations. 77 
Magnets were also introduced into the energy harvesters from flow-induced vibrations 78 
to form new configurations with bistable or tristable characteristics [41,42].  79 

Wake interactions of objects occur in many applications, including wind-induced 80 
vibrations of offshore risers, tall buildings, and power transmission lines. However, 81 
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there are relatively few studies on wake galloping piezoelectric energy harvesters 82 
(WGPEHs). Jung et al. [43] first proposed a new energy harvesting system based on 83 
wake galloping and designed a prototype of WGPEH. In order to further verify the 84 
applicability of WGPEH. Jung et al. [44] conducted wind tunnel experiments on energy 85 
harvesting devices based on wake galloping phenomenon, and the results showed that 86 
WGPEH could obtain 50-370 mW of output power when the wind speed was 2.5 ~ 4.5 87 
m/s. Akaydin et al. [45] investigated the voltage generated by a flexible piezoelectric 88 
cantilever placed in the wake of a cylindrical bluff body. It was demonstrated that 89 
different placement distances produce different voltage outputs. Zhou and Wang [46] 90 
designed a new type of dual-series VIVPEH, compared with the traditional single 91 
VIVPEH, its effective wind speed range, and output power area are increased by 2.67 92 
times and 6.79 times, respectively. Abdelkefi et al. [47] investigated the effect of wake 93 
galloping on the wind speed range of the effective use of galloping piezoelectric energy 94 
harvester (GPEH) through experiments. The results reveal that the wake galloping can 95 
be used to improve the performance of GPEH, in particular, it can greatly expand the 96 
speed range of energy collection, and the enhancement degree depends on the size of 97 
the upstream cylinder and the distance between the two cylinders. Furthermore, 98 
Abdelkefi et al. [48] placed the cuboid bluff body GPEH in the wake of another 99 
identical harvester upstream with the objective of determining the wake effects on the 100 
response of the harvester. The results revealed that under different spacing, the wake 101 
effect of the upstream harvester was beneficial enhancing the harvest power level. For 102 
a modified design, Usman et al. [49] put the downstream cylindrical bluff body parallel 103 
behind the upstream stationary cylinder, and discussed the influence of the cylinder 104 
spacing and the incoming wind speed on aerodynamic vibration. The results indicated 105 
that the optimal spacing and wind speed were 3D and 4m/s in the research range 106 
respectively. To broaden the frequency bandwidth of linear WGPEH, Alhadidi and 107 
Daqaq [50] exploited a bi-stable restoring force to improve performance of the WGPEH.  108 

In summary, wind tunnel experiments and computational fluid dynamics (CFD) 109 
technology can effectively study the wake phenomenon, but these traditional research 110 
methods are not only time-consuming but also expensive. Therefore, it is necessary to 111 
develop an efficient and economical alternative method to investigate the wake induced 112 
vibration. Machine learning (ML) technology has been widely used in various 113 
engineering fields such as civil engineering [51], wind forecasting [52], structural 114 
health monitoring [53], and traffic engineering [54] in nowadays. For example, a 115 
pioneering study by Li et al. [55] employed ML methods to model the vibration 116 
response of long-span suspension bridges. The classification and regression models are 117 
trained with decision tree (DT) and support vector machine (SVM) algorithm 118 
respectively. This model can simultaneously realize the automatic identification of VIV 119 
vibration mode and the prediction of the vibration response of various modes of the 120 
bridge. Considering that an understanding of the flow state and aerodynamic 121 
characteristics around the cylinder is essential for studying flow-induced vibration. 122 
Therefore, Hu et al. [56] used a large number of cylinder wind pressure data sets 123 
accumulated in the past research, and successfully predicted the average pressure and 124 
pulsating pressure around the cylinder using the GBRT algorithm model. Clifton et al. 125 
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