
Maximum Gradient Description
Keywords: Models, Transport Phenomena Based, Maximum Gradient

Maximum Gradient Description:

In this model may be considered to be just a simplified multiple gradient models in which
the dispersion terms are deleted and only one derivative are retained in the bulk flow term. In this
model all dispersion is neglected and only the largest (one dimensional) component of the
gradient of dependent variable is retained in each balance, for example in the maximum gradient
representation of a chemical reactor or gas absorber only concentration gradients in the axial
direction caused b the bulk flow are considered and all radial gradients dispersion and the like
are ignored

Maximum gradient models are the models commonly treated in elementary text books for
continuous process and are as follows:

Mass balance for ith species:

…9.1

Energy Balance:

…9.2

The maximum gradient model is often called the plug flow model. In this momentum balance is
ignored since we normally assume the velocity is constant or some simple functions of z. in the
energy balance the term SR represents the net energy released by the process during the chemical
reaction indicated in the mass balance by Ri. The term mi(t) stands for the rate of molar transfer
per unit volume of the ith species across the system boundaries of surface area S.



For an unsteady state tubular reaction with vr = vQ = 0 and symmetry in the θ direction

…9.3

The concentration is a value at a point and is function of both r and z. The first step in the
evolution of the maximum gradient balance is to multiple each term of the above equation by the
elemental area 2πrdr, divide by the cross section area A and integrate each term from 0 to R.

…9.4

Let us defined the average concentration and velocity across the tube cross section



…9.5

The middle term on the RHS is evaluated at the upper limit of R and at the tube centre

At the tube centre the flux will be 0

By symmetry

…9.6

…9.7

CONVERSION IN TUBULAR CHEMICAL REACTORS

Consider the tubular chemical reactor for simplicity in analysis a first order reaction A-R will be
assumed to be occurring
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Fig. 9.1: Conversion in Tubular Reactor

The simplest type of model to use for predicting the conversion is the maximum gradient model.
The physical assumptions are follows:

 There is flat velocity profile (turbulent flow)
 No radial dispersion ( isothermal operation)
 No Axial dispersion
 With steady flow the time derivative or accumulation term is zero
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…9.8

This is simple differential equation can be solved for the boundary condition that at z=0 the
reactant concentration is the feed concentration.

…9.9

on integrating

…9.10

…9.11

At the exit of the reactor the conversion is

(1-xA) = CA/CA,0 = e –kL/vz = e-kt

t = nominal holding time

= L/vz

To assess the importance of axial dispersion the problem will be solved again with all the same
assumptions expect that the axial dispersion term will be retained the general mass balance now
reduces to

The solution of equation is
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