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Abstract: We aimed to elucidate the behavior of impinging synthetic jets against the surface of a wall placed 

near the slot exit. Synthetic jets with various frequencies were used, and a rectangular body of 

finite length (target plate) was placed downstream of these jets. The flows were visualized by the 

smoke-wire method and numerical simulation, and the velocity distributions around the target 

plate were measured using a hot-wire anemometer. The flow fields of steady continuous jets and 

synthetic jets with unsteady characteristics were compared, and their flow characteristics were 

explored. We experimentally found that the flow field depends on the dimensionless target plate 

length and dimensionless frequency of the synthetic jet for a fixed distance from the slot to the 

target plate. Furthermore, at low frequencies, the behavior after impinging the target plate was 
similar to that observed for a continuous jet. Additionally, it has been confirmed that these results 

qualitatively agree with the numerical simulation results. 
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Nomenclature  

𝑏0 Slot width [m] (= 5.0 × 10−3 m) 

𝑏1/2 Jet half-width [m] (distance from the x axis to the position indicating half of the maximum jet velocity) 

𝑥, 𝑦, 𝑧 Coordinate axes [m] 

𝑈𝑠0 Characteristic velocity in synthetic jets [m/s] (=
1

𝑇
∫ 𝑢0(𝑡)𝑑𝑡

𝑇

2
0

) 

𝑈𝑐0 Characteristic velocity in continuous jet [m/s] 

𝑢 Velocity along x axis [m/s] 

𝑢0 Velocity along x axis at slot exit [m/s] 

𝑣 Velocity along y axis [m/s] 

𝑡 Time [s] 

𝑇 Period of velocity oscillation at slot exit [s] 

𝑣𝑚 Maximum value at distribution of velocity v along y axis [m/s] 

𝑥𝑣𝑚
 x-axis position of jet center indicating vm [m] 

𝑥𝑤 x-axis position of target plate [m] 

𝑋𝑤 Dimensionless x-axis position of target plate (= 𝑥𝑤/𝑏0) 

𝑠𝑤 Target plate length [m] 

𝑆𝑤 Dimensionless target plate length (= 𝑠𝑤/𝑏0) 

𝑓 Frequency [Hz] 

𝑓∗ Dimensionless frequency (= 𝑓𝑏0⁄𝑈s0 = 1⁄𝐿0) 

𝑙0 Stroke length [m] (= 𝑈s0⁄𝑓) 

𝐿0 Dimensionless stroke length (= 𝑈s0⁄𝑓𝑏0)  

c Subscript denoting continuous jet 

s Subscript denoting synthetic jet 
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1. INTRODUCTION 

Jet flows have been extensively studied for a long time [1–33]. For instance, steady continuous jets have 
been used to control flow. Recently, synthetic jets have been widely applied to flow control and to the 

driving source of small fluid machinery, replacing continuous jets to downsize and reduce the weight of 

equipment [4–23]. Regarding the fundamental behavior of synthetic jets, Nishibe et al. [8] compared 
synthetic and continuous jets, finding that the flow characteristics of two-dimensional synthetic jets 

under the free-jet condition in sufficient downstream are similar to those of continuous jets, including 

the unsteady characteristics. In addition, the jet formation position with a substantial flow rate depends 

on the dimensionless frequency. 

A frequency exists for synthetic jets that are oscillatory flows, and it can determine the flow field in 

many cases. Recently, various methods to control the jet flow direction using frequency have been 

devised [12–17], highlighting the potential of synthetic jets to enable advanced flow control that cannot 

be realized using continuous jets. Impinging jets have a high heat transfer coefficient near the stagnation 
point when using a steady continuous jet. Therefore, they have been widely used for heating, cooling, 

drying, and removing dirt and moisture from the surface of various objects [24]. In recent years, 

synthetic and hybrid synthetic jets, which are suitable for miniaturization and weight reduction of 
devices, have been increasingly used as alternatives to continuous jets for cooling heating devices such 

as computer processors [25–31]. Malingham and Glezer [25] and Pavlova and Amitay [26] 

experimentally demonstrated that for a fixed Reynolds number, the heat transfer coefficient and cooling 

effect are higher for collisional synthetic jets than for conventional collisional stationary jets. Pavlova 
and Amity [26] also reported that the heat transfer performance is higher for high-frequency synthetic 

jets when the orifice-to-wall distance is small and for low-frequency synthetic jets when the orifice-to-

wall distance is large. Chaudhari et al. [27] and Wang et al. [28] discussed the influence of the orifice 
geometry to generate impinging synthetic jets and the distance from the slot exit to a target on the cooling 

performance. Furthermore, Xu et al. [29] investigated the combined effects of the distance from the 

orifice to target wall for synthetic jets and the wall surface temperature of the heating element by 
visualization experiments using particle image velocimetry. When the orifice-to-wall distance is 

relatively large, the intensity of the vortex ring generated downstream of the orifice decreases before 

impinging the target plate, completely losing coherence and consequently reducing the cooling 

performance. All the above-mentioned studies considered fixed target plate sizes, and scarce research is 
available on geometric parameters that may be important for cooling applications. Hence, the influence 

of the relative length (relative size) of the target plate and dimensionless frequency on the flow 

characteristics should be unveiled to improve the applicability of synthetic jets. 

We aim to elucidate the behavior of synthetic jets when the target plate is placed near the slot. Plane 
synthetic jets are generated at a fixed distance from the slot to the target plate, and the influence of both 

the target plate length and frequency on the time-averaged flow field are experimentally investigated. 

The relation between jet behavior (e.g., flow direction, vortex formation) and dimensionless frequency 

for various relative target plate lengths is analyzed. The flow characteristics of impinging 
synthetic/continuous jets are evaluated according to their similarities and differences. Simple numerical 

calculations assuming two-dimensional flow are performed to confirm the generality of the experimental 

results, and the experimental and numerical results are compared qualitatively. 

 

2. EXPERIMENTAL AND METHOD 

Fig. 1 shows schematic diagrams of the experimental setup from the front and side views. The working 
fluid was air, and the pressure in the plenum tank at the center of the apparatus show in Fig. 1(b) was 
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unsteady because of the oscillating speaker. As a result, the pressure in the cavity located near the center 

in Fig. 1(a) was also unsteady, which could create an oscillatory flow in the slot. The flow measurement 

area was sandwiched between two acrylic plates on the top and bottom, and the aspect ratio of the slot 

exit cross-section was 20. The flow field test area was 80𝑏0 along the x axis and 200𝑏0 along the y axis. 

A sine wave was generated by the Audacity software to generate a signal that was amplified and then 

input to a loudspeaker. A blower and inverter were used to generate the continuous jet. 

  
(a)  (b) 

Figure 1. Schematic of experimental equipment: (a)Front view, (b) side view. 

Fig. 2 shows a magnified view of the geometry of the slot exit and coordinate system. The origin was 

defined as the center of the slot exit on the central section along the z axis, and velocity measurements 

were taken on the central section along the same axis. The slot exit velocity, 𝑈𝑠0, of the synthetic jet 

was calculated as follows [5]: 

𝑈𝑠0 =
1

𝑇
∫ 𝑢0(𝑡)𝑑𝑡

𝑇
2

0

 (1) 

Hence, velocity 𝑈𝑠0 was calculated by periodic averaging of only the velocity at the origin during the 

jet process because the momentum does not produce flow field during suction [5]. For a continuous jet, 

the time-averaged velocity at the origin was defined as the slot exit velocity, 𝑈𝑐0.  

We obtained the results at 𝑈𝑠0 = 𝑈𝑐0 = 4.5 m/s. The smoke-wire method was applied to visualize the 

flow field, and the jet behavior was captured by a digital camera (Sony Vlog Camera ZV-1) using a 

halogen light source at 480 fps. A hot-wire anemometer (Kanomax Model 7250) was used to measure 

the velocity. In this experiment, the distribution of velocity v along the y axis was measured at intervals 

of 2 mm for 2 ≤ 𝑥 ≤ 200 mm at 𝑦 = 50 and 100 mm. The x-axis position at which time-averaged 

velocity v showed the maximum value, 𝑣𝑚, at 𝑦 = 50 mm was denoted as 𝑥𝑣𝑚
. From the digital camera 

photographs of flow, the flow field was obtained as a time-averaged pattern by making a frame chart 

and superimposing the frames for 1 s for the continuous jet and 10 cycles for the synthetic jet. 
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Figure 2. Diagram of slot exit. 

This experiment was performed under constant conditions with a relative distance 𝑋𝑤(= 𝑥𝑤/𝑏0) = 10 

from the slot to the target plate. 

 

3. NUMERICAL SIMULATIONS 

Fig. 3 shows an enlarged view of the mesh near the region and slot for numerical simulations. Numerical 

calculations were performed using Ansys Fluent (version 2021 R1), a general-purpose thermo-fluid 

analysis software with a fluid unstructured grid. The figure shows an example with a dimensionless 

target plate length 𝑆𝑤  (= 𝑠𝑤/𝑏0) = 2. The boundary conditions included the flow velocity at the slot 

inlet, total pressure at the upper and lower boundaries, static pressure at the outlet of the computational 

domain, non-slip conditions at the sides of the slot, and rigid wall and wall surface. 

 
Figure 3. Domain and boundary conditions in numerical analysis with typical mesh near slot for 𝑆𝑤 = 2. 
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Pablo et al. [32] examined the shear stress produced by steady continuous jet impingement, performing 

both experiments and numerical simulations. They validated the local mesh density and assessed the 

computational model with five different turbulence modeling techniques to determine the most accurate 
predictor of this effect. Hui et al. [33] discussed turbulence models suitable for representing the motion 

of synthetic jets. Given that the purpose of this study is to illustrate the approximate behavior of synthetic 

jets in the presence of a target plate length, we assumed a two-dimensional flow in our simulations and 
limited our comparative discussion between the experimental and numerical results to qualitative 

aspects. Considering the insights from prior research, preliminary calculations, computational costs, and 

a comprehensive evaluation, we selected the k-ε turbulence model for this study. Additionally, regarding 
mesh dependency, we determined that approximately 300,000 mesh elements were sufficient based on 

preliminary calculations conducted with various numbers of meshes, referencing prior research [32]. 

For time-averaging in computational fluid dynamics, the time-averaged value was obtained over 1 s for 

the continuous jet and over 10 cycles for the synthetic jet. 

 

3. RESULTS AND DISCUSSIONS 

Figs. 4,5,6 show typical time-averaged flow patterns for the target plate placed at 𝑋𝑤 = 10 and 

dimensionless target plate lengths 𝑆𝑤 = 13, 5, and 2, respectively. In these figures, panels (a) show flow 

visualization using the smoke-wire method, while panels (b) show the distribution of absolute values of 

dimensionless y-axis velocity |𝑣|/𝑈𝑖0 (𝑖 = c or s) measured experimentally at 𝑦/𝑏0 = 10 and 20. In 

addition, panels (c) show the dimensionless velocity contour plot calculated numerically, and panels (d) 

show the dimensionless velocity distribution along the y axis calculated numerically at 𝑦/𝑏0 = 10 and 

20. The results are shown for continuous jets in (i) and for synthetic jets in (ii) for 𝑓∗ =
1.11 × 10−2 (𝑓 = 10 Hz, 𝐿0 = 90), (iii) for 𝑓∗ = 3.33 × 10−2 (𝑓 = 30 Hz, 𝐿0 = 30), and (iv) for 

𝑓∗ = 6.67 × 10−2 (𝑓 = 60 Hz, 𝐿0 = 15), where 𝑓∗  (= 𝑓𝑏0/𝑈𝑠0) is the dimensionless frequency and 

𝐿0 (= 𝑈𝑠0/𝑓𝑏0 = 1/𝑓∗) is the dimensionless stroke length. Counterclockwise vortices are defined as 

positive and clockwise vortices as negative, and the direction of rotation of the vortices confirmed by 

video observation is depicted in panels (a) of Figs. 4–6.  

Consider Fig. 4(a) with photographs for target plate length 𝑆𝑤 = 13. Two recirculation zones are formed 

between the slot sidewall and target plate for the (i) continuous jet and synthetic jets with (ii) 𝑓∗ =
1.11 × 10−2, (iii) 𝑓∗ = 3.33 × 10−2, and (iv) 𝑓∗ = 6.67 × 10−2. In Fig. 4(c), the numerical and 

experimental results agree qualitatively. For 𝑆𝑤 = 13, the target plate is relatively long, and both the 

continuous and synthetic jets (for various frequencies) form recirculation zones. Then, wall jet formation 
is observed on the surface of the slot side. Comparing the experimental and numerical calculation results 

for the velocity distributions in Figs. 4(b, d), a qualitative difference occurs for 𝑦/𝑏0 = 10. This is 

because the experimental data are obtained from a hot-wire anemometer and expressed as absolute 

values. Therefore, both results are in good agreement qualitatively. From the time-averaged velocity 
distribution in Fig. 4, the formation of an attached wall jet on the slot side wall can be confirmed under 

all conditions for 𝑦/𝑏0 = 20.  

All the results in Figs. 4,5,6 show that condition (iv) 𝑓∗ = 6.67 × 10−2 has twice the frequency of 

condition (iii) 𝑓∗ = 3.33 × 10−2, while no significant difference is observed between conditions (iii) 

and (iv). Under constant 𝑋𝑤, the flow pattern may become independent of the dimensionless frequency 
once a certain value is exceeded, but this finding remains to be verified over a wide range of conditions 

in future work. 
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(a)  

    
(b) 

    
(c)  

    
(d) 

(ⅰ) Continuous jet 
(ⅱ) 𝑓∗ = 1.11 × 10−2 
(𝑓 = 10 𝐻𝑧, 𝐿0 = 90) 

(ⅲ) 𝑓∗ = 3.33 × 10−2 
(𝑓 = 30 𝐻𝑧, 𝐿0 = 30) 

(ⅳ) 𝑓∗ = 6.67 × 10−2 
(𝑓 = 60 𝐻𝑧, 𝐿0 = 15) 

Figure 4. Visualization of synthetic and continuous jets by smoke-wire method and numerical analysis and velocity 

distribution measured at 𝑦/𝑏0 = 10 and 20. [𝑈𝑠0 = 𝑈𝑐0 = 4.5
𝑚

𝑠
, 𝑏0 = 5.0 × 10−3 𝑚, 𝑋𝑤 = 10, 𝑆𝑤 = 13]: (a) 

Flow visualization by smoke-wire method, (b) dimensionless velocity along y axis at 𝑦/𝑏0 = 10 and 20 from 

experiment, (c) dimensionless velocity along y axis at 𝑦/𝑏0 = 10 and 20 from computational fluid dynamics, (d) 

dimensionless velocity contour from computational fluid dynamics. 

Fig. 5 shows the results for 𝑆𝑤 = 5, which are in approximate agreement with those for 𝑆𝑤 = 13 shown 

in Fig. 4.  
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(a)  

    
(b)  

    
(c) 

    
(d)  

(ⅰ) Continuous jet (ⅱ) 𝑓∗ = 1.11 × 10−2 
(𝑓 = 10 𝐻𝑧, 𝐿0 = 90) 

(ⅲ) 𝑓∗ = 3.33 × 10−2 
(𝑓 = 30 𝐻𝑧, 𝐿0 = 30) 

(ⅳ) 𝑓∗ = 6.67 × 10−2 
(𝑓 = 60 𝐻𝑧, 𝐿0 = 15) 

Figure 5. Visualization of synthetic and continuous jets by smoke-wire method and numerical analysis and velocity 

distribution measured at 𝑦/𝑏0 = 10 and 20.[𝑈𝑠0 = 𝑈𝑐0 = 4.5 𝑚/𝑠, 𝑏0 = 5.0 × 10−3 𝑚, 𝑋𝑤 = 10, 𝑆𝑤 = 5]: (a) 

Flow visualization by smoke-wire method, (b) Dimensionless velocity along y axis at 𝑦/𝑏0 = 10 and 20 from 

experiment, (c) Dimensionless velocity along y axis at 𝑦/𝑏0 = 10 and 20 from computational fluid dynamics, (d) 

Dimensionless velocity contour from computational fluid dynamics. 

Although 𝑆𝑤 in Fig. 5 is less than half of that in Fig. 4, the recirculation zone size and approximate 

shape of the time-averaged velocity distribution have negligible differences. Previous studies [1,8] and 

preliminary experiments have shown that the dimensionless half-width of the jet at 𝑥/𝑏0 = 10 in a free 
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jet is approximately 𝑏1/2/𝑏0 = 1.5. 𝑆𝑤 = 5 (i.e., dimensionless distance from x axis to target plate edge 

of 2.5) is considered large compared with the jet half-width at 𝑥/𝑏0 = 10. Although the difference 

between the half-width and jet width should be noted, the momentum of the jet within the half-width 
accounts for about 85% of the total momentum of the jet. Hence, considering the jet half-width as the 

actual jet width is convenient. Under this condition, when the target plate length, 𝑆𝑤, is larger than the 

jet half-width, 𝑏1/2/𝑏0, the flow field does not sensitively depend on 𝑆𝑤. 

Fig. 6 shows the results for 𝑆𝑤 = 2, which indicates a very short target plate. For the (i) continuous jet 

in Figs. 6(a,c), the flow pattern is different from the results shown in Figs. 4 and 5. The jet separates 

into two after impinging the target plate and flows with a velocity distribution in the oblique direction. 
The formation of a recirculation zone in the test section is not observed for the continuous jet under this 

condition, in which target plate length 𝑆𝑤 is small compared with the jet half-width. The time-averaged 

flow for the synthetic jet with (ii) 𝑓∗ = 1.11 × 10−2, where the dimensionless stroke in the synthetic jet 
is large, is similar to that for the continuous jet, with an apparent separation into two jets. Under this 

condition, in which the dimensionless stroke is relatively large for the distance from the slot to the target 

plate (i.e., relatively small dimensionless frequency), the vortex pairs generated near the slot during 

ejection pass through the target plate owing to mutual translational motion. On the other hand, during 
suction, the flow is drawn from the entire flow field. Hence, two separate jet-like velocity components 

remain when averaging over time. For the synthetic jet with (iii) 𝑓∗ = 3.33 × 10−2 and (iv) 𝑓∗ =
6.67 × 10−2, as the dimensionless stroke is relatively short (i.e., relatively large dimensionless 

frequency), the vortex pairs of the next period are generated before they pass the target and gradually 
catch up with each other and merge with the same rotational direction. Gradually, the vortex pairs in the 

same rotational direction merge (roll up). This process is repeated to create vortex clusters symmetrically 

along the x axis, forming a recirculation zone with different orientations at the top and bottom. The 
behavior for cases (iii) and (iv) can be understood as that characterizing synthetic jets that emit vortices 

discretely. The recirculation zone sizes observed for cases (iii) and (iv) with 𝑆𝑤 = 2 in Fig. 6 are larger 

than those with 𝑆𝑤 = 13 in Fig. 4 and 𝑆𝑤 = 5 in Fig. 5. However, the recirculation zone size differs for 
the experiment and computational fluid dynamics. The quantitative difference between the two analyses 

is most likely due to the numerical simulation assuming a two-dimensional flow, while the experimental 

simulation assumes a strictly three-dimensional flow with the test section sandwiched between two 

plates. However, because the establishment of a simulation code and numerical prediction were not the 
main objectives of this study and given the high computational cost, numerical calculations were used 

only to verify the phenomena observed in the experiments. Nevertheless, the differences in target plate 

lengths are relatively small, suggesting that the recirculation zone size does not notably depend on 𝑆𝑤 

under the considered conditions.  

Comparing the time-averaged velocity distributions in Figs. 6(b,d), for the (i) continuous jet and 

synthetic jet with (ii) 𝑓∗ = 1.11 × 10−2, the curve profiles are considerably different between the 

experimental and numerical results. This is due to the difference in the heading angle of the jet motion 

after it splits into two between the experiment and calculation. We confirm that the results are in 

qualitative agreement, but the center position of y-axis velocity 𝑣 of the jet in the experiment is 

downshifted compared with the calculated value. For conditions (i) and (ii), the maximum value of 

velocity |𝑣|/𝑈𝑖0 is located well behind the target plate location, 𝑥/𝑏0 = 10, which is clearly different 

from the results obtained for conditions (iii) and (iv). Comparing the experimental results in Fig. 6(a) 

and numerical results in Fig. 6(c) for (iii) 𝑓∗ = 3.33 × 10−2 and (iv) 𝑓∗ = 6.67 × 10−2, the 

experimental and numerical results are in qualitative agreement, although the recirculation zone appears 

larger in the experiment than in the calculation. 
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(a)  

    
(b) 

    
(c) 

    
(d)  

(ⅰ) Continuous jet (ⅱ) 𝑓∗ = 1.11 × 10−2 
(𝑓 = 10 𝐻𝑧, 𝐿0 = 90) 

(ⅲ) 𝑓∗ = 3.33 × 10−2 
(𝑓 = 30 𝐻𝑧, 𝐿0 = 30) 

(ⅳ) 𝑓∗ = 6.67 × 10−2 
(𝑓 = 60 𝐻𝑧, 𝐿0 = 15) 

Figure 6. Visualization of synthetic and continuous jets by smoke-wire method and numerical analysis and velocity 

distribution measured at 𝑦/𝑏0 = 10 and 20.[𝑈𝑠0 = 𝑈𝑐0 = 4.5 𝑚/𝑠, 𝑏0 = 5.0 × 10−3 𝑚, 𝑋𝑤 = 10, 𝑆𝑤 = 2]: (a) 

Flow visualization by smoke-wire method, (b) dimensionless velocity along y axis at 𝑦/𝑏0 = 10 and 20 from 

experiment, (c) dimensionless velocity along y axis at 𝑦/𝑏0 = 10 and 20 from computational fluid dynamics, (d) 

dimensionless velocity contour from computational fluid dynamics. 

Fig. 7 shows the relation between the target plate length and x-axis position of the jet center. The 

horizontal axis indicates the nondimensional length of the target plate, 𝑆𝑤, and the vertical axis indicates 

the x-axis coordinate, 𝑥𝑣𝑚
, at which the time-averaged velocity distribution along the y axis measured 

at 𝑦/𝑏0 = 10 reaches its maximum 𝑣𝑚. Fig. 7(a, b) show the experimental and numerical results, 

respectively. The results for 𝑋𝑤 = 10, which corresponds to the location of the target plate, are indicated 
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by dashed lines in the graphs. There are quantitative differences caused by the heading angle of jets 

between the experimental and numerical results, but a qualitative agreement is observed. In Fig. 7(a) 

showing the experimental results, the x-axis position of the jet center lies between the slot and target 

plate in the four conditions for 𝑆𝑤 ≥ 4. On the other hand, for 𝑆𝑤 = 2, the jet center lies behind the 

target plate. Moreover, 𝑥𝑣𝑚
 for 𝑓∗ = 1.11 × 10−2 is approximately 1.7 times larger than that for 𝑓∗ =

6.67 × 10−2, indicating that the flow direction changes substantially with frequency. In addition, 𝑆𝑤 =
2, there is a large difference in the case of continuous jet and 𝑓∗ = 1.11 × 10−2 and in the case of 𝑓∗ =
3.33 × 10−2 and 𝑓∗ = 6.67 × 10−2. However, the difference becomes smaller when 𝑆𝑤 = 3 and 

negligible when 𝑆𝑤 = 4. In other words, when an object with a relatively small target length 𝑆𝑤 is placed 

downstream of a low-frequency synthetic jet, the jet splits into two and travels at an angle, as shown in 

Figs. 6(a, c). This is confirmed by velocity measurements. 

 
(a)  

 
(b)  

Figure 7. Relation between target length and x-axis position of jet center for y-axis velocity. [𝑈𝑠0 = 𝑈𝑐0 =
4.5 𝑚/𝑠, 𝑏0 = 5.0 × 10−3 𝑚, 𝑋𝑤 = 10, 𝑦/𝑏0 = 10]: (a) Experiment, (b) computational fluid dynamics. 

 

4. CONCLUSION 

We aimed to elucidate the behavior of a synthetic jet considering a target plate of finite length placed 

near the slot. The effects of target plate length and frequency on the time-averaged flow field were 

investigated under constant dimensionless distance 𝑋𝑤 = 10 from the slot to the target plate. We can 

draw the following main conclusions considering the conditions in this study: 
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1) For a relatively long target plate (i.e., 𝑆𝑤 ≥ 5), both continuous and synthetic jets produce a 

recirculation zone between the slot side wall and target plate, and y-axis wall jets are formed on 

the surface of the slot side wall. 

2) When the dimensionless frequency of the synthetic jet is 𝑓∗ ≥ 3.33 × 10−2 for any target plate 

length and considered experimental conditions, a recirculation zone is formed between the slot 

side wall and target plate. In addition, the zone size does not considerably depend on the target 

plate length or dimensionless frequency. 

3) For a short target plate (i.e., 𝑆𝑤 = 2), the continuous and synthetic jets with 𝑓∗ = 1.11 × 10−2 

separate into two jets after the jets collide the target plate and then travel in an oblique direction. 

4) In qualitative terms, the experimental results are in good agreement with the numerical 

calculations obtained from a simple model. 
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