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Abstract—The study is focused on computational 
optimization of the geometry for the flow channels that are 
used to manufacture Hexanedinitrile ((CH2)4(CN)2).There is 
no denying that asking the average velocity in each 
microchannel to be nearly the same is extremely crucial 
during production;As a result,we are going to achieve this 
goal by adjusting the manifold shape of the inlet or outlet. 
Two-dimensional mass and momentum transport 
phenomena with a mixed fluid simulation in a microchannel 
are predicted using a commercial computational fluid dynamics 
code.At the same time,the whole optimization searching 
procedure will be conducted by fortran code,using 
simplified conjugate-gradient method.In the present study, 
the geometrical optimization tasks involve the designs of the 
inlet manifold or outlet manifold shapes under parallel flow or 
inverse flow, and the design purpose is to obtain a uniform 
flow distribution throughout every single microchannel so 
as to increase the production rate of 
Hexanedinitrile((CH2)4(CN)2). Cubic-spline interpolation is 
used in shape design to fit the points on the manifold 
shape more smoothly. 

The results show that the velocity standard deviation 
decreased from 0.25 to 0.0258 (parallel flow) and 0.178 to 
0.00055 (inverse flow) after searching the optimal manifold 
shapes respectively. The manifold shapes of the inlet and 
outlet can efficiently lead to significant uniformity in the 
flow fields using a simplified conjugate-gradient method. 
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I. INTRODUCTION 

Nylon,a Polyamide fiber, is first invented in 1935,created 
by a chemist who’s name is Wallace Hume Carothers. He 
combined Hexamethylenediamine with hexanedioic acid, 
leading to the very first debut of nylon. With lots of advantages 
such as high strength, good flexibility and outstanding wear 
resistance, nylon has taken place other textiles since 1935.At 
the same time, the increasing need of nylon also increase the 
demands of other compounds, such as Hexanedinitrile, that is 
used to manufacture nylon. Hexamethylenediamine is made 
from Hexanedinitrile.It is estimate that there are currently 90 

percent’s Hexanedinitrile that is used to produce 
Hexamethylenediamine.It is also the most important industrial 
application of  Hexanedinitrile . 

When it comes to manufacturing Hexanedinitrile, there are 
three different methods. One is Electrolytic dimerization 
method, another is butadiene method and still another is Adipic 
acid method. In this study, we aim at improving the 
manufacturing process of Electrolytic dimerization method. 

Electrolytic dimerization method was first adopted by 
Monsanto in 1921 to produce Hexanedinitrile. Its reaction 
equations are as follows: 

cathode：2CH2=CHCN + 2H+ +2e-  NC(CH2)4CN  (1) 

anode：H2O  1/2 O2 + 2 H+ + 2e-                               (2) 

In order to raise the output, the electrobath will be arranged in a 
series connection or parallel connection. The reactant fluid 
flow injected from inlet will separate at inlet manifold, drifting 
into several microchannels. While electrolyzing the reactant 
fluid, it is required that the flow velocity of each microchannel 
should be confined to certain value. The flow velocity will 
impact the conversion rate of reactant, influencing the output 
greatly; Thus, the inlet manifold shape design is a huge issue in 
Electrolytic dimerization method. 

Due to the improvement in computational fluid 
dynamics(CFD) and computer hardware,there is a growing 
trend of combining optimization method with CFD in industrial 
design. In this study, we are going to adopt simplified 
conjugate-gradient method(SCGM) to carry out our 
optimization design of manifold. 

II. MATHEMATICAL ANALYSIS

A. Governing equation

Fig. 1. is the optimization model for parallel flow and
inverse flow. Each microchannel has the length 900mm and 
width 2mm.In this study, we construct 7 moving point 
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