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Control of ice cream crystallization
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Abstract – This research activity deals with the control of
ice cream crystallization. More precisely, a controller for the
viscocity has been designed and implemented on a pilot-scale
ice cream crystallizer.

saturation temperature at the outlet of the crystallizer). It finally
takes the form of a cascade controller with an inner loop with the
saturation temperature as the controlled variable and the evaporation
temperature, and an outer loop where the compressor rotation speed
controls the evaporation temperature. The controller has been
successfully implemented on the pilot-scale ice cream crystallizer of
the IRSTEA in Antony (Paris).

In crystallization processes, an important challenge is to control
the quality and/or the properties of the product. In the case of
ice creams, it is well known that the quality, that is the hardness
and the texture of the ice cream, depends on the ice crystal size
distribution (CSD). For example, depending on the mean crystal size,
or more precisely on the dispersion of crystal sizes (that is on the
shape of the CSD), the obtained texture of the ice cream is more or
less grainy. Indeed, an ice cream with a narrow ice CSD and a small
mean ice crystals size is smoother and more palatable. But it can
also be interesting, in a production point of view, to control other
properties of the ice cream, as its viscosity. Indeed, the ice cream
market is characterized by a variety of products that can be classified
in particular in term of their final packaging. Each type of final
product is characterized by a specified viscosity: for instance a lower
viscosity is required for large carton packaging than for cones. One
of the objectives of ice cream crystallization processes is therefore to
produce an ice cream of specified viscosity.

Figure 2: Equivalence Batch - Plug Flow.
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Figure 1: Schematic view of the ice cream crystallizer.
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The study of the crystallization system shows that the viscosity of
the ice cream can be expressed as a function of the ice temperature
and the third moment of the ice CSD. As a consequence, it is
not necessary to control the shape of the CSD itself: only the
control of the third moment is needed. A careful analysis shows the
saturation temperature (measured on-line) can be efficiently used to
appropriately describe the dynamics of the third moment
The control design couples a linearizing control (to account for
the nonlinearities of the system dynamics) with a Smith predictor
(to compensate the time delay in the on-line measurement of the
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