
Accepted Manuscript

Scaling-up of Multi-Capsule Depth Filtration Systems by Modelling Flow and

Pressure Distribution

A.U. Krupp, C.P. Please, A. Kumar, I.M. Griffiths

PII: S1383-5866(16)31063-2

DOI: http://dx.doi.org/10.1016/j.seppur.2016.07.028

Reference: SEPPUR 13145

To appear in: Separation and Purification Technology

Received Date: 28 April 2016

Revised Date: 15 July 2016

Accepted Date: 17 July 2016

Please cite this article as: A.U. Krupp, C.P. Please, A. Kumar, I.M. Griffiths, Scaling-up of Multi-Capsule Depth

Filtration Systems by Modelling Flow and Pressure Distribution, Separation and Purification Technology (2016),

doi: http://dx.doi.org/10.1016/j.seppur.2016.07.028

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.seppur.2016.07.028
http://dx.doi.org/10.1016/j.seppur.2016.07.028


  

Scaling-up of Multi-Capsule Depth Filtration Systems by Modelling Flow
and Pressure Distribution

A.U. Kruppa, C.P. Pleasea, A. Kumarb, I.M. Griffithsa,∗

aMathematical Institute, Andrew Wiles Building, Woodstock Road, Oxford OX2 6GG, UK
bPall Life Sciences, 20 Walkup Drive, Westborough, MA 01581, USA

Abstract

Scaling-up of filtration systems in the pharmaceutical industry to provide the correct filtration capacity is
a complex process. When several filters are used in parallel, the pressure and flow distribution within the
system can be modelled using well-established constitutive laws to a high degree of accuracy, as shown
in this paper. By combining the model with experimental fouling data, it is also possible to accurately
predict the flow and pressure distribution during an entire filtration run. A process is discussed that
uses this model to determine how the capacity of a filtration system can be accurately predicted using a
minimal set of measurements.
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1. Introduction

Scaling-up of filtration processes from R&D to
production level in the pharmaceutical industry is
a complex undertaking with strong implications
on the profitability of the corresponding drug de-
velopment project [1, 2]. A key challenge lies in
providing the appropriate filtration capacity for
production-level batch sizes based on laboratory or
testing-plant scale measurements [3]. This can, for
example, be achieved by using dimensional analy-
sis to scale-up filters used in the laboratory-scale
process [4] or by using several filters of standard-
ized size in parallel [5]. When using filters in par-
allel, in order to accurately predict the capacity of
the entire system it is crucial to understand how
the different filters in the system affect each other,
because the flow and pressure distribution within
the system will not be homogeneous. The individ-
ual operating conditions of a given filter, such as
the pressure difference across it and its resistance
due to clogging, depend not only on conditions
imposed from the outside but also on factors such
as the filter’s position within the system and the
resistances of the other filters.

In order to be able to make accurate predic-
tions about a scaled-up system, it is necessary to
predict the pressure distribution within a given
system of parallel filters. This becomes compli-
cated as the filters clog at different rates during
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the filtration run due to the inhomogeneous pres-
sure distribution within the system, which in turn
changes the pressure distribution and vice versa.

In this paper, we derive a mathematical model
for calculating the pressure distribution within a
scaled-up system composed of a set of depth filters
connected in parallel, termed a multi-capsule depth
filter. The model is validated using experimental
data and used to predict scale-up behaviour.

A general approach when considering filter
clogging in scaling-up a device is to model the indi-
vidual membrane fouling using Hermia’s laws [6] as
in [3, 7], which has the advantage of giving insights
into the underlying fouling mechanisms. However,
this can be a cause for errors if the model’s predic-
tions are not accurate or add complexity if several
mechanisms have to be considered to model the
fouling accurately [8, 9]. Here we describe how
to combine experimental data from the clogging
of a single capsule with our model to accurately
predict the pressure distribution within a multi-
capsule depth filter during an entire filtration run.
Our method has the advantage of not requiring
knowledge about the underlying clogging mecha-
nisms since all relevant information is provided by
the experimental data.

1.1. Multi-capsule depth filtration
By depth filtration we denote the filtration pro-

cess where the feed flows into and not along the
membrane, commonly described as a normal flow
or dead-end configuration, and the filtrate is de-
posited within the entire depth of the filter and
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