Prediction of Velocity Profile in a Rectangular Shape Nozzle
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Flow inside diesel injector nozzle is simulated using finite volume technique. Second order scheme is utilized to discretize the equations in order to obtain pressure in the field. It was found that K-ε turbulent model leads to more realistic results compared to K-ω turbulent model.

I. INTRODUCTION

Diesel engine is considered as a highly efficient combustion engine that plays a significant role in agriculture, transportation and industry in which numerous studies were performed in order to investigate the mentioned phenomena [START_REF] Kim | Numerical study on the cavitation phenomenon for the head drop and unsteady bubble patterns with a difference in the incidence angle of a mixed-flow pump[END_REF][START_REF] Nezamirad | Utilization of Schnerr-Sauer Cavitation Model for Simulation of Cavitation Inception and Super Cavitation[END_REF][START_REF] Sabetpour | Formation of Vapor Volume Fraction in a real size nozzle using Schnerr and Sauer approach[END_REF][START_REF] Yazdi | Effect of Pressure Difference and Needle Height on Formation of Cavitation in a real size nozzle[END_REF][START_REF] Nezamirad | Effect of Needle Height on Formation of Cavitation in a Six-Hole Diesel Injector Nozzle[END_REF][START_REF] Yazdi | Effect of Needle Height on Discharge Coefficient and Cavitation Number[END_REF][START_REF] Nezamirad | Effect of Different Diesel Fuels on Formation of the Cavitation Phenomena[END_REF][START_REF] Nezamirad | Investigation the Effect of Velocity inlet and Carrying Fluid on the Flow inside Coronary Artery[END_REF]. There have also been several studies previously that determined cavitation as an important phenomenon that should be investigated thoroughly [START_REF] Smj Zeidi | Numerical investigation of the effect of different parameters on emitted shockwave from bubble collapse in a nozzle[END_REF][START_REF] Zeidi | Investigation the effects of injection pressure and compressibility and nozzle entry in diesel injector nozzle's flow[END_REF][START_REF] Zeidi | Investigation of viscosity effect on velocity profile and cavitation formation in Diesel injector nozzle[END_REF][START_REF] Zeidi | Evaluation of the physical forces exerted on a spherical bubble inside the nozzle in a cavitating flow with an Eulerian/Lagrangian approach[END_REF][START_REF] Smj Zeidi | Effects of nozzle geometry and fuel characteristics on cavitation phenomena in injection nozzles[END_REF].

II. RESULT AND DISCUSSION

Continuity and balance of momentum can be derived as following for an incompressible flow:

𝜕𝑢 ̅ 𝑖 𝜕𝑥 𝑖 = 0 𝜕𝑢 ̅ 𝑖 𝜕𝑡 + 𝑢 ̅ 𝑗 𝜕𝑢 ̅ 𝑖 𝜕𝑥 𝑗 = - 1 𝜌 𝜕𝑃 ̅ 𝜕𝑥 𝑖 + 𝜐 𝜕 2 𝑢 ̅ 𝑖 𝜕𝑥 𝑗 𝜕𝑥 𝑗 - 𝜕 𝜕𝑥 𝑗 𝑅 𝑖𝑗
Where 𝑥 𝑖 is the position, 𝑢 ̅ 𝑖 is the mean velocity, 𝑡 is the time, 𝜐 is the kinematic viscosity, 𝑃 ̅ is the mean pressure, 𝜌 is the constant mass density, and 𝑅 𝑖𝑗 = 𝑢 ′ 𝑖 𝑢 ′ 𝑗 ̅̅̅̅̅̅̅ is the Reynolds stress tensor. Here, 𝑢 ′ 𝑖 = 𝑢 𝑖 -𝑢 𝑖 ̅ is the fluid fluctuation velocity component.

Moreover, mixture approach is used in order to calculate density in the whole domain which consist of vapor and liquid density.

ρ m =α l ρ l +α v ρ v
Where 𝑙 is refering to liquid and 𝑣 is referring to vapor.

Furthermore, viscosity of the mixture is also defined as following:

μ m =α l μ l +α v ρ v
Winklhofer [START_REF] Winklhofer | Comprehensive hydraulic and flow field documentation in model throttle experiments under cavitation conditions[END_REF] nozzle is modeled and simulated in this study. Only half of the velocity shown here is plotted. It can be inferred from figure 1 that k-ε turbulence model has a better agreement with previous experiment done by Winklhofer comparing to k-ω turbulent model. The reason for the mentioned agreement could be the differences between the law of the wall functions.
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III. CONCLUSION

In this study, flow inside rectangular shape diesel injector nozzle is simulated using finite volume method. Continuity and momentum equations are solved using coupled scheme and the flow inside diesel injector nozzle is considered as incompressible. It was found that the velocity profile obtained from k-ε scheme has a better agreement with previous experiment done by Winklhofer comparing to k-ω turbulent model.
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Figure 1 .

 1 Figure 1. Half velocity profile at the mid Winklhofer orifice.