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Introduction
The purpose of this paper is to study the near-field flow characteristics of strongly buoyant jet at low Froude and Reynolds numbers issuing from a square nozzle, using three-dimensional flow visualization with laser-induced fluorescence and velocity measurement by scanning PIV to characterize the flow phenomena in the near field. 

Experimental Methods and Results
The flow visualization is carried out using the fluorescent dye solution (Rhodamine B) illuminated by a CW Nd:YAG laser of 5 W. The light sheet is traversed quickly using a scanner system, which consists of Galvano scanner, mirror and controller. This scanner system is located at 550 mm apart from the target flow to provide planar light sheets at various z positions almost parallel to each other. According to the time chart for flow visualization, the planar light sheet is traversed 40mm in z direction for the first 1/60 s at the velocity of 2.7m/s. After reaching the end of the scanning distance, the light sheet moves back quickly to the original position within 3 ms to repeat the same scanning motion periodically. The synchronous observation is made by a high speed CCD camera operated at 2000 frames/s with a spatial resolution of 1280 × 1024 pixels with 8 bits in gray level. Note that the CCD camera and the scanning system are synchronized by the pulse signal from pulse controller. 
In order to understand the three-dimensional flow behavior of the vertical buoyant jet, the three-dimensional flow visualization study is carried out using the scanning system combined with a high speed camera. The experimental condition is at Fr0 = 0.58, Re = 200. Figure 1 shows the time variation of the horizontal cross-sections of LIF visualization at the nozzle exit (y/d = 0). These images are reconstructed from 30 slices of vertical planar images of flow visualization at every 1 sec. These flow visualization results indicate that the dark (low temperature fluid) and bright (high temperature fluid) area moves slowly in the flow field, and the fluid motion is found to be unsteady. It can be seen that the low temperature inflow is often observed near the corner of the square nozzle, and the vertical buoyant jet is found near the nozzle center, though the jet contours vary unsteadily. 
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Fig. 1 Instantaneous velocities of buoyant jet in horizontal plane (Fr0 = 0.58, Re = 200). 
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