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Abstract— This paper summarizes the design in the field of 

A static mixers including recent improvements and 

Applications to industrial processes. The most commonly 

used Kenics static mixers is described and its advantages and 

limitations are emphasized. Static mixers are designed and 

compared based both on theory from the literature and 

feasibility. The operations, which can benefit from the use of 

static mixers, are explored, namely, mixing of miscible 

fluids, liquid–liquid and gas–liquid interface generation, 

liquid–solid dispersion and heat transfer and calculations of 

static mixer for the mixture of CCG & Naphtha at given 

designing conditions from the company is successfully 

carried out. The parameters governing the performance of the 

various mixers in these applications are reported. 
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I. INTRODUCTION 

A static mixer is a precision engineered device for the 

continuous mixing of fluid materials. Normally the fluids to 

be mixed are liquid, but static mixers can also be used to 

mix gas streams, disperse gas into liquid or blend 

immiscible liquids. The energy needed for mixing comes 

from a loss in pressure as fluids flow through the static 

mixer. 

Static mixers, also known as motionless mixers, 

have become standard equipment in the process industries. 

However, new designs are being developed and new 

applications are being explored. Static mixers are employed 

inline in a once-through process or in a recycle loop where 

they supplement or even replace a conventional agitator. 

Their use in continuous processes is an attractive alternative 

to conventional agitation since similar and sometimes better 

performance can be achieved at lower cost. Motionless 

mixers typically have lower energy consumptions and 

reduced maintenance requirements because they have no 

moving parts. They offer a more controlled and scalable rate 

of dilution in fed batch systems and can provide 

homogenization of feed streams with a minimum residence 

time. They are available in most materials of construction. 

Although static mixers did not become generally 

established in the process industries until the 1970s, the 

patent is much older. An 1874 patent describes a single 

element, multilayer motionless mixer used to mix air with a 

gaseous fuel (Sutherland, 1874). An early French patent 

used staged, helical elements to promote mixing in a tube 

(Les Consommateurs de Petrole, 1931), and another French 

patent shows a multi element design for solids blending 

(Bakker, 1949). Staged elements to promote heat transfer 

were patented in the early 1950s (Lynn, 1958). Major 

petrochemical companies had development efforts and 

presumably utilized their designs internally in the decades 

proceeding the commercial availability (Stearns, 1953; 

Veasey, 1968; Tollar, 1966) 

 
Fig. 1: Elements of different commercial static mixers 

(a) Kenics (Chemineer Inc.); (b) low pressure drop (Ross 

Engineering Inc.); (c) SMV (Koch-Glitsch Inc.); (d) SMX 

(Koch-Glitsch Inc.); (e) SMXL (Koch-Glitsch Inc.); (f) 

Interfacial Surface Generator-ISG (Ross Engineering Inc.); 

(g) HEV (Chemineer Inc.); (h) Inliner series 50 (Lightnin 

Inc.); (i) Inliner series 45 (Lightnin Inc.); (j) Custody 

transfer mixer (Komax systems Inc.); (k) SMR (Koch-

Glitsch, Inc.). 

There are now approximately 2000 US patents and 

more than 8000 literature articles that describe motionless 

mixers and their applications. More than 30 commercial 

models are currently available. The prototypical design of a 

static mixer is a series of identical, motionless inserts that 

are called elements and that can be installed in pipes, 

columns or reactors. The purpose of the elements is to 

redistribute fluid in the directions transverse to the main 

flow, i.e. in the radial and tangential directions. The 

effectiveness of this redistribution is a function of the 

specific design and numbers of elements. Commercial static 

mixers have a wide variety of basic geometries and many 

adjustable parameters that can be optimized for specific 

applications. The number of elements in series is routinely 

adjusted. Another important parameter is the aspect ratio, 
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defined as the ratio of length to diameter of a single element. 

Commercial designs typically use standard values for the 

various parameters that provide generally good performance 

throughout the range of applications and for which 

experimental data are available. Ordinarily, the use of 

standard designs is recommended. As a group, motionless 

mixers exhibit far higher efficiencies than rudimentary 

mixing devices such as elbows or tees and their performance 

is better characterized. Figure 1 illustrates commercial 

designs.  

Potential advantages of static mixer compared to 

mechanically agitated vessels are Small space requirement, 

Low equipment cost, No power required except pumping, 

No moving parts except pump, Small flanges to seal, Short 

residence times, Approaches plug flow, Good mixing at low 

shear rates and Self-cleaning, interchangeable mixers or 

disposable mixers. 

The aim of this paper is to design and develop a 

comprehensive Static Mixer for an Industry named “3-

Pillars PTE, Singapore” in order to mix CCG & Naphtha at 

specific operating conditions of oil and gas terminal. i.e. 

Mixer duty, Design Pressure, Total flow rate, Line Size, 

Design Temperature, Maximum Pressure drop etc.  

II. DESIGN CALCULATION METHODOLOGY 

This calculation procedure provides the necessary 

information for sizing an Inline Static Mixer for liquid / 

liquid (single phase) mixing. It is designed to be an accurate 

yet simple method for obtaining the correct static mixer for 

various liquid applications. The proceeding calculations will 

determine the length, diameter, number of elements and 

pressure drop of the static mixer. These calculations do not 

apply to gas/liquid or gas/gas dispersions or emulsions. 

A. Step 1: Collecting the Data 

Before actual sizing can begin, the initial conditions must be 

identified. The Flow rate (Q), Existing Pipe Diameter (D), 

Absolute Viscosity (µ), specific gravity (Sg), Temperature 

(0C), Pressure (Psi), existing pipe material, side stream 

injection, special requirement has been provided for this use. 

B. Step 2:  Calculation of Reynold’s No. 

Reynold’s number must be calculated in order to identify if 

the pipe flow is turbulent, laminar, or transitional. Reynold’s 

number can calculate as follows: 

Reynold′s # (Re) =
3157 . 𝑄 . 𝑆𝐺

𝜇 . 𝐷
 

Q= Flow rate (GPM) 

SG= specific gravity 

µ= Absolute Viscosity (cps) 

D= inside pipe Diameter (inch) 

Flow 

Regime 

Reynold's 

Number 

(Re) 

No. of 

Element 

Number of Elements to add if 

Viscosity ratio between  

fluids exceeds 1000:1 

Number of Elements to add if 

Volumetric ratio between 

fluids exceeds 100:1 

Laminar 

1 

1-10 

11-50 

51-100 

101-500 

24 

18 

14 

12 

10 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

Transitional 
501-1000 

1001- 2000 

8 

6 

4 

4 

4 

4 

Turbulent 
2001-5000 

5001 + 

4 

2 

2 

2 

2 

2 

Table 1:  No. of element for different flow regime

C. Step 3:  Select the no of Baffle elements 

Baffles are a separator to divert fluid flow in specific 

direction(s) for de-aeration of moving fluid. Plate or vane 

used to direct or control movement of fluid or air within 

confined area. As the streams move through the mixer, the 

non-moving elements continuously blend the materials. 

Complete mixing depends on many variables including the 

fluids' properties, tube inner diameter, number of elements 

and their design. 

Using the pipe Reynold's Number (Re) determined 

above, locate the proper flow regime and Re to select the 

number of elements required. As explained by the Table 1, it 

is necessary to add more elements when wide ratios of fluid 

viscosities and/or volumes are present. 

It is possible that alternate sizes are needed to 

accomplish more thorough mixing, reduce pressure drop, or 

increase dispersion capability. The mixer length will be 

based on the number of elements required. An 

approximate length can be determined by multiplying the 

number of elements by 1.5. 

D. Step 4: Calculate Pressure Drop ΔP 

1) Determine Pressure Drop 

If the process materials are water like, with S.G. = 1.0 and 

viscosity less than 10 cps, the graph below will provide an 

approximate value of expected pressure drop per element. If 

the fluids have properties other than that of water, a manual 

calculation of pressure drop follows. 

2) For Non water like materials 

 Recheck the value for Reynold’s number calculated at 

step #2. Using this value, determine the associated 

friction factor for the mixer housing using the below 

graph.  

 Now calculate PH of the empty housing without mixing 

elements. 

𝑃𝐻 =  
0.0135. 𝑓. 𝐿. 𝑆𝐺. 𝑄2

𝐷5
 

Where f = friction factor 

L = length of pipe (ft.) 
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Fig. 2: Pressure drop per element vs flowrate 

 
Fig. 3: Friction Factor for Reynold’s Nos 

3) Using the Reynold’s number from Step #2, calculate 

the flow factor, Ff to compensate for the head loss caused 

by the mixing elements. 

 If Re < 10,            Ff=6.5 

 If 10 < Re < 1000,    Ff= 1.53 (Re)0.45  

 If Re > 1000,  Ff= 8.5 LN (Re)-16 

4) Does this compute ? 

The total mixer pressure drop or head loss can now be found 

by multiplying the housing head loss (PH) by the element 

flow factor (Ff) 

ΔP(PSI) = PH x Ff 

5) Step 5:  Check Mixer Velocity 

For turbulent flow applications, it is generally recommended 

that a minimum velocity of 1.0 Ft/sec be maintained. For 

best performance, specific applications such as liquid-liquid 

dispersions may require as high as 7-8 Ft/Sec. For most 

blending applications, a velocity of 2-3 Ft/Sec. is sufficient. 

v = 0.408
Q

D2
 

V = Velocity in Ft/Sec 

III. CALCULATION RESULTS AND DISCUSSION 

All the required CCG and Naphtha mixing input value given 

below are calculated through above procedure. 

1) Step 1: collection of mixing parameters 

 (Q) Flow Rate                           :  7485 GPM 

 (D) Existing Pipe Diameter      :    20 Inches 

 (µ) Absolute Viscosity              :    0.8 CPS 

 (SG) Specific Gravity                :    0.77 

 (P) Pressure drop max                :    10 psi 

 (T/P) Temperature/ Pressure      :   1400F/ 150 psi 

 Existing Pipe Material                :    SS 304 

 Side stream Injection?                 :    N/A 

Special Requirements?                :    N/A 

2) Step 2: Re: 962,432 

3) Step 3:   n (# of elements) = 3 

Diameter: 19.68 inch, Length: 60 inch 

4) Step 4: f = 0.05 (From Figure No: 3) 

PH = 0.034 

Ef: 101.106 

ΔP (PSI):   3.45 PSI 

5) Step 5: V= 6.56 ft/sec 

Based on above step static mixer is fabricated in following 

sequence.  

A. Main Shell 

With the help of “3 Roller Bending Machine” cylindrical 

shell is fabricated from the rectangular sheet and its edge is 

permanent joined by the TIG WELING. 

 
Fig. 4: Static mixer shell 

B. Elements/ Baffles 

Initial shape of the baffles is given by the “Sheet Bending 

Machine”. For giving the final surface finishing we used 

Gas Cutter Grinding for polishing purpose.  

 
Fig. 5: Static mixer Baffles 

C. End Flanges 

ASME/ANSI 16.5 slip on flange of class 150 form SS304 

welded with TIG welding both ends of main shell as shown 

in Figure 5. 



Design and Development of Kenics Static Mixer for Single Phase CCG and Naphtha Mixing at Oil Terminal 

 (IJSRD/Vol. 4/Issue 07/2016/153) 

 

 All rights reserved by www.ijsrd.com 640 

    
Fig. 5: Static mixer End Flanges 

D. Lifting Lug 

The 2 Nos. of lifting lug with the weight capacity 2 Tons is 

provided at the top. 

 
Fig. 6: Static mixer lifting lug with assembly 

E. Assembly 

Above elements are assemble together to make Kenics static 

mixer as shown if Figure 6. 

IV. CONCLUSIONS 

This Paper gives easy methodology for design and 

development of static mixer for oil and gas industrial 

application. we noticed that the Reynolds number is 

backbone for design of STATIC MIXER. For more viscous 

fluid the requirement of number of mixing element is 

increased while for less viscous fluid like water, requires 

less number of mixing element. In this paper Kenics static 

mixer designed for CCG and NAPTHA at specified 

industrial condition. For mixing purpose the fluid velocity 

must be kept around to 7-8 ft/s whereas for blending 

purpose the velocity must be kept around to 2-3 ft/s.  
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