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Figure 5
Schematic diagram of the flow within a supercell thunderstorm. The tornado (indicated by the T) forms between the warm inflow and
rain-cooled surface outflow. The curled black arrows containing the straight black arrows represent the horizontal component of
vorticity. The horizontal dimensions of the plane are roughly 30 km × 30 km, and the vertical dimension (exaggerated by a factor of
≃3) is roughly 10 km. Figure adapted from Klemp (1987).

2.1. The Ward Chamber
The most influential laboratory experiment in the field of tornado dynamics is the one conceived
by Ward (1972) and further explored in an updated version reported by Church et al. (1977,
1979). The essence of the experiment is illustrated in Figure 8a, which shows an upward-directed
fan (representing the supercell updraft) producing a volume flow rate 2π Q through an orifice
of radius ro ; inflow occurs over a layer of depth h (representing the subcloud layer), and angular
momentum 2π"s (representing subcloud circulation around the updraft center) is imparted to it
by means of a rotating screen at r = rs . The working fluid is taken to have constant density ρ

and dynamic viscosity µ and thus can be characterized by a single value of its kinematic viscosity
ν = µ/ρ. Hence there are six external dimensional parameters, rs , ro , h, ν, Q, and "s , from which
four nondimensional parameters can be formed: the swirl ratio, S = ro "s /(2Q); the Reynolds
number, Re = Q/(νh); the aspect ratio, a = h/ro ; and the ratio of inflow to the updraft radius,
ro /rs . The Ward-type chamber is distinguished by the generally small values of a and values of
ro /rs ≃ 1/2, which are so chosen to satisfy the requirements of geometrical similarity to the flow
in a supercell.

Analysis of the flow in the Ward-type chamber (Davies-Jones 1973) indicates that for fixed
geometrical parameters, certain aspects of the flow depend mainly on S, with a weaker dependence
on Re. An example of the dependence of the flow on S is given in Church et al. (1977, figure 4)
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