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A B S T R AC T

The decline of permeate fl ux along the membrane ultrafi lters is mainly due to the increment 
in concentration polarization resistance and the decline of transmembrane pressure. It was 
found that the concentration polarization resistance could be reduced in a ring-rod tubular 
membrane ultrafi lter by the turbulent behavior. The performance will be further improved if 
the baffl ed-ring distances gradually and properly decrease along the cross-fl ow channel with 
fi xed number of baffl ed rings. Theoretical analysis was based on the mass and momentum bal-
ances coupled with the application of resistance-in-series model. Correlation predictions are 
rather acceptable for higher feed concentration comparing with the experimental results for 
ultrafi ltration of dextran T500 aqueous solution in a tubular ceramic membrane of a nine-ring 
rod insert with gradually decreasing the baffl ed-ring distances.
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1. Introduction

The good fl uid management at the membrane sur-
face plays an important role in successful application 
of ultrafi ltration. In almost all cross-fl ow ultrafi ltra-
tion the permeate fl ux declines along the fl ow direc-
tion because of the concentration polarization and 
progressive fouling by the rejected particles [1,2]. Many 
hydraulic approaches, such as increasing fl uid velocity 
or creating turbulent behavior, developed for reducing 
the concentration polarization resistance and progres-
sive fouling to enhance the ultrafi ltration fl ux, have 
been thoroughly discussed [3–14]. Actually, raising fl uid 
velocity or creating turbulent behavior in the cross-fl ow 
membrane modules has two confl icting effects on ultra-
fi ltration: They are the desirable effect of decrease in 
concentration polarization resistance and the undesir-
able effect of increase in frictional pressure loss. Since, 

along the fl ow channel in an ultrafi lter, transmembrane 
pressure decreases while concentration polarization 
resistance increases. It appears therefore that gradually 
increasing the turbulent strength along the fl ow chan-
nel might suitably suppress the increasing resistance 
to permeation due to concentration polarization while 
properly maintaining the decreasing tranemembrane 
pressure. It is the purpose of present study to investigate 
the effect of varying baffl ed-ring distance on ultrafi ltra-
tion and to derive the prediction equation for estimating 
the permeate fl ux, in a tubular membrane of a ring-rod 
insert with decreasing buffl ed-ring distance.

2. Analysis

Consider a tubular-membrane module of length L and 
radius rm inserted concentrically with a solid rod of radius 
krm, wrapped with (N−1) baffl ed-ring of gradually decreas-
ing ring distances dj along the solid rod with arithemetic 
series of constant difference a, as shown in Fig. 1. Thus


