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1. Introduction

Anaerobic baffled reactor (ABR) consists of a series of continuous chambers divided into two upflow and
downflow parts by a baffle. ABR could effectively purify high strength wastewater types with negligible surplus
sludge and doesn’t need a settlement tank [1]. ABR is a treatment system based on its hydrodynamic characteristics
and so, the hydrodynamic study of the current flow is an important issue about it. In this study, the hydrodynamic
characteristics of the reactor are investigated. Also, the regime of passing flow is discussed.

2. Methodology

A 6 liters 8 chambers anaerobic baffled reactor is used as lab scale pilot. The tracer test has been applied at times
of 110 and 332 minutes and retention time distribution (RTD) curves have been achieved. By means of RTD
analysis, the hydrodynamics of the reactor could be available.

For some reasons such as non-ideal operation conditions, a percent of reactor volume doesn’t involve in occurred
processes in the reactor. This part is called inactive or dead volume. Also the effective volume of total reactor
volume is called active volume. In this study the active and inactive volume of ABR are investigated.

The other assessed factor is short-circuiting. Short-circuiting is an undesirable phenomenon occurs because of
inadequate mixing; dense current resulted from temperature differences; eddy formation; poor design and axial
dispersion (in plug reactors) [2].

Using the axial dispersion model, this work assesses the flow regime of ABR. Dimensionless numbers of
dispersion and Peclet are used to investigate the dispersion within the reactor. The low dispersion number (high
Peclet number) indicates the low mixing and plug flow within the reactor.

3. Results and discussion

Fig. 1 shows the RTD for times of 110 and 332 minutes. The variance of curve is 0.099 and 0.104 for 110 and
332 minutes, respectively. It shows the stability of curve variance in various retention times. The experimental
retention times of reactor calculated as 98 and 327 minutes, respectively for theoretical times of 110 and 332
minutes. It shows that real retention time of fluid is less than theoretical time. Since a part of reactor volume does
not take part in its active space, the effective reactor volume is less than the total volume. Because of constant flow
rate and less effective volume, the retention time will be lessen. The ratio of experimental retention time/theoretical
retention time is 0.89 for time of 110 minutes and 0.985 for 332 minutes. This ratio also announces the active
volume of reactor.
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Deduction of active volume from unit, gives the inactive volume percentage. Inactive volume is 11.14% for 110
minutes and just 1.5% for 332 minutes. It indicates a prominent reduction of inactive volume by increasing the
retention time.

The short-circuiting index, that reveals the ratio of first tracer exit time to retention time of reactor, is 0.409 and
0.252 for times of 110 minutes and 332 minutes, respectively. The near zero ratio, the higher probability of short-
circuiting and the ratio less than 0.3 indicates a great amount of short paths [3]. According to this, the reactor has a
considerable short-circuiting in the time of 332 minutes.

The hydraulic efficiency depends on the variance of RTD curve and the active volume of the system. At the time
of 110 minutes, it is equal to 80%. Also, the efficiency is 88% when the time is 332 minutes. These amounts shows
the high efficiency of ABR.

The dimensionless dispersion and Peclet numbers are 0.052 and 19.21 for 110 minutes and are 0.055 and 18.25
for 332 minutes. These indicators are almost equal at both of retention times. It shows that the dispersion content of
ABR is not dependent on the retention time. Also the Peclet number of 5 is the index [4]. The Peclet number lesser
than 5 shows high dispersion in the reactor. As the resulted Peclet numbers at this study are more than 5, the reactor
approaches to a plug flow one.

All compared factors are shown in Table. 1. Based on this table, ABR is a reactor with proper hydraulic
conditions and its main volume is the active volume. Also, ABR acts in its optimum retention time.
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Fig. 1. The RTD curves for a) 110 and b) 332 minutes

Table 1. Hydrodynamic indexes resulted for studied ABR

Short- Hydraulic
circuiting efficiency
index (%)

Theoretical Variance Experimenta Active Inactive
HRT (min) I HRT (min)  volume (%)  volume (%)

Dispersion Peclet
number number

110 0.099 98 0.89 11.14 0.409 80 0.052 19.21
332 0.104 327 0.985 15 0.252 88 0.055 18.25

4. Conclusions

Anaerobic baffled reactor is a system with suitable hydraulic function and major percent of its volume is active
space. Also, the reactor acts in almost its optimum retention time. The hydraulic efficiency of ABR is high and it isa
capable hydraulic system in operation step. It seems that the increasing of retention time, decreases inactive volume
percent but increases the short-circuiting probability. The dispersion is low and ABR is close to plug-flow reactors.
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