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Abstract—This paper summarizes the advancements in theo-
retical modeling and measurement results of a novel experimental
setup for characterizing millimeter wave propagation in random
media using a 36x36 fan array wind tunnel. The increase and
shift in the measured power spectrum of the millimeter wave
signal demonstrate the effect of temperature gradients and wind
speeds in both the inertial subrange and dissipation regions
of turbulence. This setup can be used to develop new models
for characterizing electromagnetic propagation through random
media in a more consistent and repeatable experimental setup.

I. INTRODUCTION

Scintillation is an important phenomenon that has been stud-
ied for decades and is defined as the random fluctuations of the
amplitude and phase of an electromagnetic (EM) signal due to
atmospheric turbulence. Developing a better understanding and
accurately modeling the effects of turbulence on propagation
is essential for a wide variety of applications. Scintillation
can significantly impact the quality of radio frequency (RF)
signals used in radar, terrestrial and satellite communication
systems, as well as providing an opportunity for remote
sensing of atmospheric turbulence. Past experiments studying
scintillation over long distances in the outdoors showcase
many logistical challenges. In such setups, there is imperfect a
priori knowledge about naturally generated turbulence, creat-
ing inconsistent and uncontrollable conditions. Furthermore, it
is also difficult to deploy transceiver hardware that is sensitive
to the very weak amplitude and phase effects, as the signal
must be phase locked and output power carefully calibrated.

An overview of the benefits and preliminary results of an ex-
perimental setup using a 36x36 fan array wind tunnel (FAWT)
in the Center for Autonomous Systems and Technologies
(CAST) at the California Institute of Technology (Caltech)
is described in [1]. The following sections will (i) expand on
the theoretical analysis for modeling by including the dissi-
pation region, (ii) provide an overview of the meteorological
measurements, and (iii) present measurements results showing
the effect of turbulent mixing at different scales.

II. THEORETICAL ANALYSIS

The channel of a line of sight (LoS) propagation link
between a transmitter and receiver can be modeled as a
turbulent medium causing scintillation (Fig. 1). For the context
of this experiment, the use of a monostatic radar means that
the system is a folded version of a LoS path with a single-
bounce reflector setup, and is still applicable to this model.
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Fig. 1. Effect of atmospheric turbulence on EM wave propagation.

A. Line-of-sight propagation model for RF scintillation

The continuous-wave (CW) intermediate frequency (IF)
signal at the receiver can be modeled as:

vrp(t) = AeX®) i @ f1rt+d(t)+¢ (1)) (1)

where A is the received signal amplitude, frp is the IF
frequency, ¢(t) is the oscillator phase noise, and x(¢) and (%)
are the log-amplitude and phase scintillations, respectively.
For homogeneous and isotropic media in the lower tropo-
sphere, the power spectral densities (PSD) for log-amplitude
and phase scintillations, respectively, are given by [2], [3]:
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where k = 27 frp/c is the wave number of propagation,

frr is the RF carrier frequency, c is the speed of light in a
vacuum, v is the mean wind speed, f is frequency offset from
the carrier, ko = 2m/Lg is the outer scale wave number of
turbulence, and Ly is the outer scale length of turbulence. The
function F) (x) is the amplitude-variance spectral weighting
function, and for plane waves is:
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®(k) is the refractive index wavenumber spectrum of irregu-
larities, defined as the three-dimensional Fourier transform of
the covariance of refractive index fluctuations:
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