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Abstract. The hail cannon has been used to prevent hail storms since
the 19th century. The idea of the hail cannon is to create a sequence of
shock waves to prevent the formation of clouds before the hail storm.
Modern hail cannons employ a mixture of acetylene and oxygen to ig-
nite a sequence of explosions in the lower chamber traveling through the
neck and into the cone of the cannon, creating shock waves. The shock
waves propagate upwards to the cloud, and they are supposed to prevent
the formation of the cloud. According to Wikipedia, there is no scien-
tific evidence for the hail cannon, even though it is commonly used in
several countries. In this paper, we propose a numerical simulation to
verify the idea of the hail cannon. We employ isogeometric analysis and
variational splitting methods. We compare our numerical results with
the experimental data. We show that our numerical simulation is indeed
the scientific evidence for the hail cannon. We also compare our numer-
ical simulations with the experimental measurements performed with a
drone before and after a sequence of generated shock waves.
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1 Introduction

A hail cannon is a shock wave generator that is supposed to prevent the formation
of hail storms. Modern hail cannons employ a sequence of explosions with an
acetylene-oxygen mixture in the combustion chamber. The shock wave created by
the explosions travels upward through reversed cone shape pipes. It is supposed
to create a shock wave that travels upwards and causes the cloud vapor particles
to travel up and to the side. Albert Stiger created the first modern kind of
hail cannon in 1895. He was a farmer, and he had a large wine plantation in
Austria [6], damaged by local hail storms. The first international congress on
hail shooting happened in 1902 in [27]. Despite claims that there is no scientific
evidence in favor of hail cannons [30], they are still successfully manufactured
[12]. One claim that there is no physical evidence for the hail cannon to work
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is that a thunderstorm is much stronger than the hail cannon, and it does not
seem to disturb the hailstorms [8].

In this paper, we perform the first three-dimensional numerical simulations
of the hail cannon. We employ the advection-diffusion partial differential equa-
tion to model the process. The unknown scalar field is the concentration of the
cloud vapor. The shock waves generated by the hail cannon are modeled as the
advection vector field. We show that a sequence of generated shock waves can
move the cloud vapor up and to the sides (see Figure 1). After finishing a se-
quence of shock wave generation, the "hole" in the cloud remains intact for a
long time. After that time, if the neighboring clouds are still there, the hole is
filled with the cloud vapor particles by the diffusion mechanism. In this sense, we
show that generating a sequence of shock waves can produce a hole in the cloud
vapor. The argument that the thunderstorm is not removing the hail storm and,
thus, the hail cannons are not working is not valid since we need to produce a
long sequence of shock waves to obtain the desired effect.

In this paper, we apply the isogeometric finite element method (IGA-FEM)
[7] for three-dimensional simulations of the hail cannon. The IGA-FEM employs
higher-order and continuity basis functions to approximate different physical
phenomena described by Partial Differential Equations. Several researchers ap-
plied the IGA-FEM to model different engineering applications. To name a few,
IGA-FEM was applied to deformable shell theory [3], phase field modeling [10,
9], phase separation simulations with either Cahn-Hilliard [13] or Navier-Stokes-
Korteweg higher order models [14], wind turbine aerodynamics [16], incompress-
ible hyper-elasticity [11], turbulent flow simulations [5], transportation of drugs
in arterials [15] or the blood flow simulations [4]. In our simulations, we use an
explicit dynamics solver, and we employ linear computational cost alternating
directions solver [23]. We will use our C++ IGA-ADS code [24] linking LA-
PACK [2], parallelized into shared-memory multi-core servers using GALOIS
library [26]. We developed an interface into the VTK visualization toolkit [28].
Due to the IGA-ADS solver’s ability to run fast and accurate three-dimensional
simulations on a laptop, it was employed to simulate several phenomena. They
include tumor growth [21,19, 25], non-linear flow in heterogeneous media with
possible applications to CO2 sequestration process [24,20], as well as patogen
propagation problem [22].

The structure of the paper is the following. We start with detailed description
of the hail cannon and our experimental verification of the cloud vapor reduction
by using a drone measurements in Section 2. Next, Section 3 introduces the
Partial Differential Equations modeling the phenomena, together with IGA-FEM
discretizations. Section 4 describes details of our simulations of the hail cannon
generating a sequence of the shock-waves into the hail cloud. Finally, we conclude
the paper in Section 5.
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Fig. 1: The idea of using shock waves to mix and lift cloud vapor particles.

2 Experimental verification

In the technological experiments we use the the Inopower anti-hail cannon [17],
shown in Fig. 2. The device consists of a container with dimensions of 6.00m
x 2.45m x 2.60m with a combustion chamber of 150 dm?, three fuel inlets and
a control panel. The shock wave created by the ignition of the acetylene-air
mixture is directed upward through the conical outlet pipe. On the other side of
the container there are acetylene cylinders and a gas pressure reduction system.

During our experiments, the gauge of the acetylene fed into the explosion
chamber was 2.9 bar. During the explosion of the mixture of acetylene and air, a
pressure of about 1 MPa was reached. During the experiment, about 300 shock
waves were generated in half an hour.

For the experimental verification we measured the temperature, the humid-
ity, and the particular matter concentration in the vertical profile using the
equipment placed on the DJI Matrice 200 V2 drone. For each test, a flight was
performed immediately before and after the generator was started and 20 min-
utes after its completion. During the test, measurements with the drone were
made before the experiment and several times after the experiment, in partic-
ular, the flight was made 15 and 5 minutes before starting the generator, 5, 15
and 30 and 40 minutes after its completion. Fig. 3 shows the measurement data
of the altitude profile from 0 m to 130 m.

From the experimental data, we can read the two times reduction of the
cloud vapor (possibly with pollution particles) around 15 minutes after we start
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Fig. 2: Hail cannon: Container with acetylene cylinders and control panel. Com-
bustion chamber with the conical outlet pipe.
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