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Pressure Drop in Motionless Mixers 

Hei  Cheon Yang*, Sang Kyoo Park  
School o f  Applied Engineering, Yosu National University, 

Dundeok-dong, Yeosu-si, Jeonnam 550 749, Korea 

A motionless mixer consists of  a straight pipe or transfer tube conta ining the mixing elements 

that are used to cut, fold, twist, and re -combine  the mixing fluid. The  number  of  elements and 

their shape required in any appl icat ion depend on the complexity of  the mixing process. The 

objectives of  this study are to develop new motionless mixers and to perform the experimental  

investigation of  pressure drop in order  to evaluate the performance of  the new ones. Glycer in  

is used as a mixing fluid. Pressure drop is measured using a hydraul ic  manometer  and cor- 

relations of  friction factor are proposed as a function of  Re. The friction factors of  Sulzer S M X  

mixer are in qual i ta t ive good agreement with the published data. On the average, the friction 

factors of  SSC and Y N U  mixers are about  36% lower than and 6~o higher  than that of  the Sulzer 

one. 

Key W o r d s : M o t i o n l e s s  Mixer, Mixing Element, Pressure Drop,  Frict ion Factor,  Laminar  

Regime 

N o m e n c l a t u r e  
D Mixer diameter  

f Fr ict ion factor 

L Total  length of  mixer 

AP Pressure drop 

Re Reynolds number  

v Velocity 

Z Pressure drop correlat ion factor 

p : Density 

/z : Viscosity 

: Void fraction of  mixer element 

Subscripts 
et : Empty tube 

sm : Motionless mixer 

1. I n t r o d u c t i o n  

Mixing has been used by man from time imme- 

morial  in preparat ion of  food and drink, and 
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belongs to the classical unit  operat ions  used in 

many branches of  industry. Moreover ,  in the 

chemical  process, this mixing technology is of  

special importance to carry out chemical  reaction. 

The solutions and mixtures are prepared in such 

a way that the reagents have a suitable form for 

reaction. Dur ing the reaction process, the mixing 

operat ion must ensure that the reagents stay in 
close contact  with each other. Especially,  this is 

part icularly important  when the reagents have a 

different aggregate state. In connect ion  with in- 

creasing volume of  chemical  product ion cont inu-  

ous processes are increasingly significant, which 

presents special requirements with respect to the 

corresponding apparatus. Mixing can be per- 

formed cont inuously  in a mechanical  agitator or 

directly in a pipeline. The latter way of  mixing 

usually adopts in- l ine  mixers or motionless 

mixers. 

Motionless  (also called in- l ine  or static) mixers 

have tbund a large range of  applications,  includ- 

ing blending, reaction, dispersion, heat transfer 

and mass transfer. All  the motionless mixers have 

in common  a straight pipe or  transfer tube con- 

taining the mixing elements that are used to cut, 
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fold, twist, and re-combine the process fluid as 

shown in Fig. 1. The operations virtually ensure 

uniformity in composition, concentration, viscosi- 

ty and temperature. The elements improve mixing, 

heat transfer and mass transfer efficiency com- 

pared to that achieved in an empty pipe. The 

energy for mixing is obtained from the pressure 

loss as the process fluid flows around the mixing 

elements. Mixing by means of the motionless 

mixers offers a number of advantages as com- 

pared with classical dynamic mixers (Sir and 

Lecjaks, 1982) : (i) it can be installed in the exis- 

ting pipeline or tube, (ii) it involves no rotating 

elements such as shafts and bearings, and needs 

no extra seals, (iii) it needs lower investment and 

operating costs, (iv) it is noiseless and suitable 

for explosive environment, (v) it has lower shear 

forces so that the product is not damaged during 

the processing. In the mechanical agitators (Fig. 

2), longitudinal and transverse distribution of 

Fig. 1 An example of motionless mixer; Kenics 
mixer 

materials to be mixed can be obtained by means 

of moving blades. In this apparatus, however, 

stagnant zones can exist and material may ride 

on blades and be kept out of the mixing region. 

Also, high velocity blades may be ineffective since 

they create an isolated hole in the mass without 

producing any circulation. 

Published data on the motionless mixers are of 

two sorts: papers and manufacturers bulletins 

providing general information about the respec- 

tive products, and research reports dealing mostly 

with the pressure drop and homogenization effi- 

ciency. A wide variety of motionless mixer desi- 

gns are reported in the literature. However, only 

few models are actually used in industry (Pahl 

and Muschelknautz, 1982 ; Cybulski and Werner, 

1986 ; Myers et al., 1997). Most studies determine 

design parameters, i.e. pressure drop (head loss), 

heat and mass transfer coefficients, mixing effi- 

ciency, etc. These parameters are global, because 

they are measured before and after mixers. There- 

fore, the mixers can be treated as black boxes. 

In some cases, no real understanding of how the 

mixers affect the parameters is obtained. How- 

ever, the parameters obtained can be used directly 

in process design. The performance of a given 

mixer is tested with several criteria. In general, 

motionless mixers have been first compared on 

the basis of the pressure drop generated for a 

given flow rate and mixer diameter. The mixing 

efficiency parameters have been introduced by 

variance of concentration, the residence time dis- 

tribution, the chaotic nature of the flow and the 

type of deformation inducing mixing. 

Pahl and Muschelknautz (1982) provided the 

correlations for pressure drop of laminar and 

turbulent flow with several motionless mixers. 

Also they reported that the mixing effect in mo- 

tionless mixers with laminar flow was achieved by 

constructed product guides (holes), cutting and 

turning (helices), displacement and distortion 

(crossing channels), dividing and spreading (ob- 

lique strips). Sir and Lecjaks (1982) investigated 

pressure drop to find the dependence of the drag 

coefficient of the mixer within a broad range of 

the Reynolds number, to determine the regions of 
Fig. 2 An example of mechanical agitator laminar, transition and turbulent flow in the 
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mixer, and to judge the effect of element number 

and pipe diameter on drag coefficient. Shah 

and Kale (1991) and Chandra and Kale (1992) 

presented the empirical correlations between fric- 

tion factor and generalized Reynolds number for 

non-Newtonian inelastic and viscoelastic fluids. 

Their correlations were developed for the static 

mixers of different designs and sizes. They 

demonstrated that the viscoelastic fluids exhibited 

higher pressure drop compared to the inelastic 

fluids. Li et al. (1996) investigated pressure drop 

in a Sulzer SMX motionless mixer with both 

Newtonian and theologically complex fluids. A 

correlation had been established between the 

friction fanning factor and the generalized Rey- 

nolds number. 

Because of the complexity of the physical pheno- 

mena of mixing, no theory has been developed. 

Indeed, until recently, nothing has been published 

which might permit comparison of one design 

with another, and no method has been developed 

which permitted insights into the mixing pheno- 

mena of a given design. Unfortunately, only very 

limited data have been appeared in the study of 

motionless mixers. Especially, a deep understand- 

ing of the hydrodynamics is still lacking when 

geometrically complex elements are involved. In 

present study, new motionless mixers are deve- 

loped and their performance is investigated by 

experiment. 

2. Experimental 
Apparatus and Method 

2.1 Motionless mixers and experimental 
apparatus 

One of the first technically applied motionless 

mixers is twisted tape mixer (Kenics mixer) 

schematically shown in Fig. 1. The mixer has 

right and left-hand twisted elements. These ele- 

ments are staggered so that each leading edge is at 

90 ~ of the trailing edge of the tbrmer one. This 

model is a popular mixer in North America for 

viscous, low Reynolds number applications. The 
other type (Sulzer SMX, SMV, SMXL) mixers 

that use more complicated elements have also 

been used for these applications and may be 
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preferred in the European community (Jaffer and 

Wood, 1998). The mixing elements have been 

made from the intersecting bars or sheets welded 

together to form open channels as shown in 

Fig. 3. Sulzer SMX type of lamellar mixing ele- 

ments splits the material into individual streams 

that meet other streams as they flow transversely 

through the element. Each element mixes princi- 

pally in two dimensions and the elements are 

aligned at 90 ~ to their neighbors to enable three- 

dimensional mixing (Bauman, 2001). 

The motionless mixers used in this study have 

40 mm diameter acrylic tubes being fitted with 

mixing elements. Eight-element SSC, YNU and 

Sulzer SMX mixing elements made of stainless 

steel are shown in Fig. 3. Each unit element has a 

diameter of 40 mm and a length-to-diameter ratio 

equal to one. The thickness of intersecting bars 

and of elliptic plates is 2 mm. The SSC and YNU 

elements are the new models designed in this 

study. In general, the smaller the passageways and 

the larger the fraction of cross section occupied by 

elements, the higher the pressure drop. The ele- 

ment of Sulzer SMX mixer is geometrically com- 

plicated and the fraction of cross section occupied 

by the elements is large, so the mixing efficiency is 

better than the others, whereas the pressure drop 

is larger than the others. The new models have 

been designed to decrease the pressure drop and 

to minimize the decrease of mixing efficiency as 

compared with the Sulzer SMX model. The SSC 

elements have been intended that mixing fluid 

flowed through 3 mm diameter holes having 27% 

cross sectional areas per unit element. One set of 

four SSC elements is aligned as shown in Fig. 3, 

Fig. 3 Three different mixing elements of SSC, YNU 
and Sulzer SMX type 
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and the other set is aligned at 90 ~ to the former 

set. The unit YNU element consists of ortho- 

gonally intersecting 2 unit SSC elements (elliptic 

plates) in Fig. 4. Each unit element of the YNU 

type is aligned at 90 ~ to its neighbor as the Sulzer 

SMX. Figure 4 shows the detailed structure of 2 

unit elements. 

The experimental mixer assembly is shown in 

Fig. 5. The assembly is a closed loop, consisting 

of  mixing tube, gear pump, 3 phase induction 

motor, hydraulic manometer and reservoirs. The 

experimental apparatus has a 40 mm i.d., 50 mm 

o.d., and 700ram length acrylic mixing tube 

which is fitted with 4, 8 or 12 elements respec- 

tively in series for three different type mixers. A 

gear pump (Viking Spur Gear Single Pump;  

SG-0570) feeds mixing fluid from a fluid head 

reservoir to the mixing tube. A fluid pump has 

been used to pump mixing fluid from a lower 

reservoir to a head reservoir, where a constant 

level is maintained via an overflow loop from the 

Fig. 4 Geometrical structure of 2 elements of SSC, 

YNU and Sulzer SMX type 

I I  

............................................. iii7�9 ...................... ...... ] 

I. Mixing tube 
2. Mixing element 
3. Gear pump 
4. Fluid pump 
5. Motor 
6. Fluid head reservoir 

7. Dye head reservoir 
8. Fluid reservoir 
9. Hydraulic manometer 
10. Pressure gauge 
11. Fluid feed line 

Fig. 5 Schematic diagram of the experimental mo- 
tionless mixer assembly 
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head reservoir back to the lower reservoir. The 

gear pump has been driven by a variable-speed 

3/4hp 3-phase induction motor. The mixing 

elements and experimental mixer assembly have 

been fabricated by a local company in Yeosu;  

Sin-Sung Ltd.. Table 1 presents the specifications 

of experimental mixer assembly. 

2.2 Experimental  method 
Pressure drop across the static mixer elements 

of different designs and numbers has been mea- 

sured by using a U-type hydraulic manometer. 

Manometer tapings were provided on the acrylic 

tube at regular intervals so that pressure drop 

across different number of  elements could be 

measured. Glycerin (95% pure, Kangnam Indus- 

try) has been used as a mixing fluid. The viscosity 

(/1) and the density (p) of the mixing fluid are 

1.49 N ' s / m  z and 1257.6 kg/m * respectively. The 

mixing fluid was prepared for experiments by 

decanting the fresh material from bulk drums to 

the lower reservoir. The mixing fluid was allowed 

to settle for at least 2 hours to allow any air 

bubbles entrained during the decanting process to 

rise to the surface. The settled mixing fluid was 

then slowly pumped into the tube to allow all air 

in the mixer tube to be displaced as the mixing 

fluid entered. Alter the mixer tube has been filled, 

the pump was stopped and the head reservoir 

was topped off with fresh mixing fluid and 

allowed re-settling for about 1 hour. Flow rate to 

the mixing tube has been adjusted through the 

rpm control of 3-phase induction motor. The 

scope of this research was limited to testing glyc- 

erin at low Reynolds numbers (Re<20) ,  which 

were in laminar regime. All the experiments were 

carried out systematically with varying operating 

Table 1 Specifications of experimental motionless 
mixer 

Diameter of mixing tube 40 mm 

Length of mixing tube 700 mm 

Length of unit element 40 mm 

Element thickness 2 mm 

Entrance length of mixing tube 90, 130, 170 mm 

Exit length of mixing tube 50 mm 
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parameters: volume flow rate (7.67• -s to 

2.64XI0-4m3/s);  mixing element type (SSC, 

YNU and Sulzer SMX);  number of mixing 

elements (4 to 12). 

3. R e s u l t s  and  D i s c u s s i o n s  

The pressure drop across a motionless mixer is 

essential in order to size pump correctly or 

extruder that feeds the mixer. Excessive pressure 

drop will result in poor mixer performance exces- 

sive energy consumption. Flow restrictions of a 

mixer require higher operating pressures than 

actual presstires, resulting in higher energy con- 

sumption. The aim of investigation of presstlre 

drop is to find energy loss for different type 

mixers and to judge the effect of number of the 

elements. In the literature, the pressure drop 

correlations are presented in two different ways. 

First, a Z lector, the ratio of the pressure drop 

through a motionless mixer to the pressure drop 

in an empty tube (Hobbs, 1997), has been in- 

troduced ; 

_ apsm (1) 
Z (Re) -- Apet 

where apsm is the pressure drop through the 

motionless mixer and Apet is the pressure drop in 

the empty tube. The other way uses the friction 

factor f/2 or 4f. That is 

f/2 (Re) -- apsmD (12) 
pv2L 

where L is total length of the mixer with multiple 

elements, D the mixer diameter and Re is defined, 

Re=pvD//x.  Some authors use a void factor E of 

the mixer elements to define the generalized 

Reynolds number, Reg=pvD/,u6:. In general, the 

Z lector method for the Kenics type mixers and 

the friction factor method has been used for 

Sulzer type mixers as reviewed by Cybulski and 

Wener (1986) and Rauline et a1.(1998). The 

available experimental data contain significant 

variability, partially due to slight differences in 

geometry, different measurement locations, or 

variations in the method of correlation. 

The investigation of pressure drop after passing 

the motionless mixer element was carried out 

under the conditions mentioned in the previous 

chapter. The investigation involved measurements 

of the [bllowing quantities; volume flow rate, 

density and viscosity of the mixing fluid. These 

data served for calculation of the friction factor 

f/2 or 4f and Reynolds number. First of all, in 

order to assess the accuracy of the experiment, the 

friction factor results are compared with litera- 

ture data. Figure 6 shows the comparisons of the 

friction factors obtained by us with the data 

published for the Sulzer SMX mixer. The friction 

factors decrease with the Reynolds number Re. 

Despite slight differences, the results are quali- 

tatively good agreement with the data by Shah 

and Kale (1991), Li et a1.(1996), Cybulski and 

Wener (1986) and Kalbitz (1990). 

Figure 7 shows the correlations of friction fac- 

tor of Sulzer SMX, of YNU and of SSC mixers. 

The correlations (Eqs. ( 3 ) -  (5)) established be- 

tween the friction lector and Re are good agree- 

ment with the correlations for the Sulzer SMX 

mixer (Li et al., 1996). 
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Sulzer  S M X  mixe r :  f / 2 = 8 5 5 R e  -1"61 (13) 

Y N U  mixer  : f / ' 2 = 8 5 8 R e  1.6o (4) 

SSC mixer  : f / 2 = 3 4 4 R e  1.42 ( 5 )  

Figure  8 shows the compar i son  of  average 

frict ion factors of  4, 8 and 12 elements  with each 

type mixer. It can be seen that  pressure d rop  

across Sulzer S M X  and Y N U  mixers is roughly  

similar .  On the average,  the fr ict ion factors of  

SSC and  Y N U  mixers are abou t  3 6 ~  lower than  

and  6 %  higher  than  that  of  the Sulzer  SMX,  

respectively. It can be found that  the geometr ica l  

conf igura t ion  of  e lements  seems to have much 

inf luence on the parameter .  Th i s  fact may be attri- 

buted  to the addi t iona l ,  so-ca l led  mino r  losses 

due to the relat ively compl ica ted  geometr ical  con-  

f igura t ion  of  Sulzer S M X  and Y N U  elements  

compared  to SSC element.  It is due to the t:act 

tha t  the skin fr ict ion and  to some extent the form 

drag a r o u n d  the mixing elements  may con t r ibu te  

i# 

101 

�9 0 " - - -  Sulzr 

0 YNU 
.... -El- .... SSC 

1~1~ ' , . . . . . . . . . . .  1 0  t 

Re 
Fig. 7 Correlation o1" the friction factors of Sulzer 

SMX, YNU and SSC mixers 

more to the increased pressure drop.  These  addi-  

t ional  losses may have character is t ics  of  c reeping  

flow as well as b o u n d a r y  layer flow at low Rey- 

nolds  number s  (Shah  and Kale, 1991). 

F igure  9 shows the c o m p a r i s o n  o f  fr ict ion fac- 

tors with  the n u m b e r  of  mot ionless  mixer  ele- 

ment.  As expected, the friction factors increase 

with the n u m b e r  ofe lernent .  Because of  add i t iona l  

obs t ruc t ion  in the path  of  flow, a greater  pressure 

d rop  is needed to ma in t a in  the same f lowrate  

when  more  mixer  e lements  are inserted in a tube. 

Also,  it is due to the fact tha t  the smal ler  the 

passageways and  the larger the t rac t ion of  pipe 

cross section occupied  by elements,  the h igher  the 

pressure drop.  As the n u m b e r  of  e lement  increase 

2 and 3 times, the fr ict ion factors of  the Sulzer 

SMX and Y N U  mixer  increase abou t  0.25 and  

0.65 times. On the o ther  hand ,  the fr ict ion factors 

of  SSC one  increase a b o u t  0.17 and  0.42 times. 

F rom the results, it can be seen that  as the n u m b e r  

of  e lement  increase,  the increas ing rate of  the 

fr ict ion factor  of  Sulzer S M X  and Y N U  mixers is 

h igher  than  that  of  SSC mixer. 

As a result, in pressure d rop  (fr ict ion factor) ,  

tha t  is, energy loss, the SSC mixer  is super ior  to 

the Y N U  and Sulzer S M X  ones. However ,  in 

order  to conc lude  that  which  one is far super ior  

to, fur ther  inves t igat ions  shou ld  be made  to quan -  

tify the mixing efficiency or homogen i za t i on  and 

to invest igate the influence of  the mixing fluid and  

the mixer  diameter ,  and  it is necessary to cons ider  

the hardness  and  the cost ot" manufac tu r ing  of  the 

e lement  and the p rob l em of  c lean ing  of  e lements  

in t ime of  b r e a k d o w n .  
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Fig. 8 Comparison of the average friction t~ctors of Fig. 9 

Sulzer SMX YNU and SSC mixers 
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4. Conclus ions  

An experimental study was performed to de- 

velop new motionless mixers and to investigate 

the pressure drop. It can be concluded as fol- 

lowings ; 

(1) The lu factors of Sulzer SMX mixer 

are qualitatively good agreement with the pub- 

lished data. 

(2) The friction factors of SSC and YNU 

mixers are, on the average, about 36% lower than 

and 6% higher than that of the Sulzer SMX, 

respectively. 

(3) The correlations established between the 

friction factor and the Reynolds number are in 

good agreement with the correlations found in 

literature. 

(4) As the number of element increase, the 

increasing rate of the friction factor of Sulzer 

SMX and YNU mixers is higher than that of SSC 

mixer. 

(5) For complete comparison, further inves- 

tigations should be included the mixing efficiency 

and the influence of the mixing fluid and the 

mixer diameter, and to consider the hardness and 

the cost of manufacturing of the mixer. 
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