Abstract 

	Asymmetric nozzles, particularly rectangular nozzles of low aspect ratio, produce unique flow field and acoustic characteristics that may make them superior to traditional axisymmetric nozzles in certain applications. Asymmetric nozzles show enhanced mixing rates and exhibit rapid decay of the potential core at non ideal operating conditions. These characteristics can lead to noise reduction, which is a desired feature in modern supersonic aircraft. An experimental study, involving Particle Image Velocimetry (PIV), and far-field microphone acoustic measurements, was carried out to investigate the mixing characteristics of a low aspect ratio supersonic rectangular jet. The experiments were performed on a 2:1 aspect ratio converging-diverging rectangular nozzle with a design Mach number of 1.44. Acoustic measurements were taken at a radial distance of 100 inches from the nozzle exit, with nine microphones arranged in an arc from  to , measured from the nozzle exit axis in a clockwise direction. The experiments were performed at over-expanded, ideally expanded, and under-expanded operating conditions along the major and minor axis of the jet.
	Flow field measurements show different rates of decay of the potential core at the various operating conditions. The results show that the length of the potential core of the over expanded jets are about 60% that of the ideally expanded jet. In comparison, the length of the potential core of the under-expanded jets extends beyond that of the ideally expanded jet by 63%. The downstream velocity profiles of the 2:1 rectangular jet show similarity in the minor axis orientation. In the major axis direction, the velocity profiles become geometrically similar near the end of the downstream distance. The classical ‘characteristic decay’ region is defined by similarity of the velocity profiles in the minor axis, and the ‘axisymmetric decay’ region shows similarity of velocity profiles in the major axis. Although two distinct regions of velocity decay are observed at all operating conditions, only the second region can be classified as the classical ‘characteristic decay’ region. 
	Analysis of the flow field measurements show different jet development rates in the major and minor axis. The rate of growth of the jet in the minor axis was greater than that in the major axis except for the ideally expanded condition; where the jet half width in both orientations grew nearly parallel to each other. In both under-expanded conditions, axis switching was clearly observed between 11 and 13 nozzle heights downstream of the nozzle exit. At the screeching under-expanded condition, the jet spreading in the minor axis was very dramatic. For both over-expanded operating conditions, the development of the jet half width in both orientations appear to converge at a point further downstream than the distance investigated in this experiment. In contrast, for the 4:1 aspect ratio rectangular nozzle with the same design Mach number, axis switching was observed at all non-ideally expanded conditions at a relatively short distance from the nozzle exit. No axis switching was observed at the ideally expanded operating condition for both nozzle geometries. 
The overall sound pressure levels (OASPL) obtained from the acoustic data show an increasing trend in amplitude for both orientations with increasing nozzle pressure ratio (NPR). The frequency spectra for the downstream microphones are dominated by a single broadband peak. Previous researchers have explained that turbulent mixing noise dominates in the downstream direction of the major axis of the jet. Two distinct peaks are observed in the frequency spectra at the screeching under-expanded condition: the fundamental frequency and its first harmonic. These peaks are clearly visible in the acoustic spectra of the downstream microphones but only in the minor axis direction. This agrees with earlier research that screech tones propagate primarily in the minor axis direction. The amplitude of these peaks for the near field microphones and the downstream microphones shows the fundamental frequency as the dominant frequency. However, for the microphone normal to the nozzle the first harmonic is the dominant frequency. There is a crossover point where the peak amplitude of the harmonic frequency surpasses that of the fundamental frequency; this occurs around . 
