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ABSTRACT

We propose an efficient numerical method for a two-dimensional ideal jet impinging on an ar-
bitrary wall. Jets issuing from an asymmetric nozzle impact on an uneven wall and make free
boundaries between the fluid and the air. Since the free boundaries are not known in a priori,
it makes the problem highly nonlinear. Our strategy for solving this free boundary is to con-
struct an iterative algorithm to find the variation from initial guess to exact free boundary using
boundary perturbation. First, we represent the solution of jets as a stream function using the
single layer potential. Particulary, the stream function is given as a boundary integral equa-
tion involving vortex strength on the wall to take into account the shape of the wall. Based on
the stream function, we derive the variational boundary integral equations which provide the
variation to the solution. To demonstrate the applicability and reliability of our algorithm, we
show numerical results including free boundaries, pressure, and velocity of impinging jets with
various shapes of nozzles and walls compared to existing literature.

MAIN ISSUE

Since the impinging jets can transmit a high momentum to the wall, it has been applied in
various industrial fields such as heat transfer, cooling, and cutting. In mathematics, the jets has
been studied as an interesting free boundary problem involving unknown boundaries between
fluid and air. In order to solve the jet problem, the most researchers have traditionally used
a conformal mapping called the hodograph transform. However, the hodograph transform has
limitations when the shape of the nozzle or the wall is a curve or a polygon including many
vertices. In this talk, we propose a novel numerical method for solving free boundary problem
using a variational boundary integral equation. There is no restriction on the shape of nozzle and
wall in our method. Furthermore, we consider the entire domain instead of the truncated one by
taking into account far-field behavior. We use the single layer potential to represent the solution
of the jet as a stream function involving unknown free boundaries. Based on the stream function,
we derive the variational boundary integral equations to obtain variations toward the solution.
Using the boundary integral equations, we compose an efficient algorithm for the impinging jet
problem on an arbitrary wall. The numerical results show that our method has a good agreement
with the results in existing literature. We also demonstrate the applicability of our method by
applying our algorithm to impinging jets with various nozzles and walls. Finally, we discuss the
limitations of our method and future direction of research.
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