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Abstract 

The single-phase flow hydrodynamics in a rotor-stator spinning disc reactor is studied by means of 

residence time distributions. In the framework of a parameter study, two different reactor setups are 

examined, in order to identify the influence of the reactor’s operating parameter. A deconvolution 

procedure is developed in time as well as in frequency domain for the precise determination of the 

transfer functions of the reactor. The calculation of the central moments of the distributions allows 

further conclusions on the fluid flow profiles. With increasing rotational disc speed and decreasing liquid 

volume flows, the backmixed region within the rotor-stator gap extends. Moreover, different residence 

time models are compared with regard to their applicability for the measured distributions. The spatial 

extension of plug flow and of convectionally backmixed flow region is quantified and incorporated into 

the engineering model proposed in literature. 
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Introduction

Process Intensification (PI) claims a drastic improvement 

and optimization of existing and upcoming chemical 

processes by introducing innovative equipment and 

processing methods. 

A promising tool for PI, the spinning disc reactor 

(SDR), was invented and studied by C. Ramshaw (1985). 

In the current work a further development of the concept, a 

SDR of the rotor-stator type is designed and implemented. 

Characterization of the hydrodynamics and of the mixing 

properties of this newly constructed reactor is 

accomplished by executing residence time experiments. 

Experimental  

Figure 1 shows the functional principle of the rotor-stator 

SDR. The horizontal distance between the rotor and the 

stator is very small, resulting in a narrow gap of typically 

1 mm between moving and non-moving parts. 
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Figure 1. Schematic depiction of the rotor-
stator spinning disc reactor 

The rotation of the disc induces high shear forces into 

the fluid. Depending on the disc speed and the local energy 

dissipation rate, turbulent flow and a rotation governed, 

backmixed regime or a throughflow governed plug-flow 

regime prevails (Poncet et al. 2005, de Beer et al. 2014). 



  
 

Two different reactor setups with rotor diameters 

between 130 and 270 mm are used for the studies. The 

maximum rotational disc speeds are 4000 and 2000 rpm 

for the small and the large reactor setup, respectively. The 

liquid can be fed to the reactor in varying distances to the 

center of the disc. The total volume flow ranges between 

0.15 and 0.46 L min
-1

.  

Impulse-response experiments are conducted for the 

determination of the residence time distributions. 

Therefore the tracer, crystal violet (C25H30ClN3) solution, 

is injected into the reactor with a HPLC valve and a 

sample loop at the reactor inlet.  

Data Preparation and Modelling 

Since the measured distributions are not only affected 

by the reactor`s hydrodynamic, but also by the interfering 

influences of the feeding piping and the dosage system, 

deconvolution of the outlet function ω(t) with the inlet 

impulse α(t) is executed to determine the transfer function 

ER(t) of the reactor:  
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Two different techniques are applied to solve the 

convolution integral in Eq. 1. For the deconvolution in 

time domain, a model equation is used for representing 

ER(t). With a numerical optimization algorithm, the best set 

of model parameters is determined. The best agreement is 

found when using an empirical model used by Köhler et al. 

(2010), whereas the axial dispersion model and the tanks in 

series model both cannot represent the reactor’s transfer 

function precisely. 

 The convolution theorem states that the 

deconvolution of the time domain function can also be 

executed as a division of the Fourier-transformed functions 

followed by invers transformation:  
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Deconvolution in the frequency domain shows a high 

susceptibility to noise and aliasing. With the use of a 

suitable low pass filter, however, the deconvolution can be 

executed reliably in frequency domain, without having 

restrictions of model functions and with a lower computing 

effort than in time domain. 

Evaluation of the Transfer Functions 

The normalized variance and Pearson’s moment 

coefficient of skewness are used to describe the shape of 

the distributions. Their analysis reveals that the 

convectionally backmixed region within the reactor gap 

increases with increasing rotational disc speed and 

decreasing liquid flow rate. The spatial extensions of the 

rotation governed backmixed region and the throughflow 

governed plug-flow region is determined from the initial 

rise of the RTDs with a threshold method (Figure 2). The 

results are depicted in Figure 2. 
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Figure 2. Depiction of the plug flow volume as a 
function of rotational disc speed and liquid flux  

Based on these results, the applicability of the 

engineering model proposed by de Beer et al. (2014) is 

tested. Fitting the dimensionless transition radii to the 

suggested model equation reveals generally comparable 

trends. However, the values obtained in this work are 

shifted towards smaller values of the dimensionless gap 

width compared to de Beer et al. (2014) and shows better 

agreement with the simulations of Poncet et al. (2005). 

Conclusion 

Studying the residence time behavior of the rotor-

stator SDR reveals valuable information about the mixing 

and flow behavior in rotor-stator cavities. The 

deconvolution procedure provides the transfer function of 

the reactor reliably and allows a precise analysis of the 

central moments of the distributions. The determined 

transition radii between the throughflow and rotation 

governed flow regions are in agreement with literature 

values and extend the range of studied operating 

parameters for rotor-stator reactors. 
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