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Mixing Technology
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Although a m1x1ng vessel is a rather simple equipment, it is used for a variety
of operations. So, the mixing technology could be defined as an engineering
method of various chemical processes using mixing vessels.

In this paper, the mixing technology is outlined through its classification into
three categories, that is, flow and basic characteristics, operational characteris-

tics, and application to chemical processes.

operations are also represented.
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Table 1 An example of chemical reaction system

Reaction

A+ B—C—'D + 4H (exothermic)

A: " reactant (organic liquid, slightly soluble to water)

B: reactant (gas)

C : catalyst (soluble in water, insoluble to liquid A)

D : product (soluble in water, insoluble to liquid A)
Note

« Reaction in water phase.

» Continuous vessel type reactor, under constant tempe-

rature and pressure.
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Table 2 Classification of mixing techrology

" Mixing Technology

1. Flow and Basic
Characteristics

3. Application to
Processes

2. Operational
Characteristics

i) Mixing
* mixing time

i) Flow Pattern
« Jaminar and
turbulent

i) Analysis to

Operations
(see left)

« residence time

iii) Pumping « coil or internals e property data

« flow number  iii) Solid Suspension  * reaction kinetics
» off-bottom

» uniform suspen-

iv) Shear « mass balance

» equivalent shear « heat balance
« transfer rate

« test data

rate (laminar) sion

« turbulent shear + fluidization

head » mass transfer  iii) Basic Design
v) Baffle Effect iv) Liquid Disper- « mixing vessel
vi)} Others sion « utilities

« uniform disper- iv) Evaluation of
sion Efficiencies
« droplet size v) Design Check
« mass transfer,
ke
v) Gas Dispersion
« flooding point
« aspiration point
« gas hold-up
« mass transfer,
bua |
» power decrease
vi) Others
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Table 3 Rate analysis of reaction process

1 Reactxon rate in water phase

A+B“—*D

L2
AD) (A (BI- 11D

2. Mass transfer rate

LA — gy by ag (AT —CAY)

B8] by by ag (BB
3. Operatmnal characteristics

ky aLL—func (agitating conditions, related propertles,

ratio of feed rates A and water)
kl, agr=func. (agltatmg conditions, related properties,
' feed rate -of gas B) '

4. Overall reaction rate

Mass balance equations to be solved

dEAJ L) = ki @ AT —CAD — szA]EB]+k1EDJ '
A

Hrasid .
kg, anLEB]* EB]) szAIB]+k1EDJ
-8 _

eresid

4Dy _
T—szA] Bl —

dEBJ

EDI~PL =0

esui
Solution
EDj func. (CAY*, (BJ*, &4, ks, Oresid, $w krarr, 9w
krag) .
‘5. Heat balance
Q= Vow(D]
- 9rgsid
=UAAT.
6. Performace required .
Oresid, kp ary, kragr, UA: decided above

«4H4-Feed enthalpy—Effluence enthalpy

Note: 1) Prevent liquid A from emulsification, upper
limit of &5 az; is given

2) Uniform dispersion of liquid A

3) No flooding of gas B

4) No short passing of water phase feed

7. Nomenclature

A heat transfer area, %: reaction rate constant, Rra:
capacity coefficient of mass transfer, 4H;: reaction heat,
'Q: heat, & time, 47 : temperature difference, U: heat
transter coefficient, V': effective reactor volume, ¢y :
volume fractignv'of‘ water phase, Orgsid : mean residence
time,  J: concentration, { J*: solubility, gz: gas-
liquid, 7 : liquid"liqu1d .
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Table 4 Output of heat transfer compu_tation

OVER ALL HEAT TRANSFER C'OEFFICTENT.OF AGITATED VESSEL

DATE 1985. 1. 30

¢E. or O. No. “EXAMPLE (VESSEL)

'(SKELTONY' I.D. 4.65 (m)
LIQUID DEPTH 6.7 Cm))
BAFFLE WIDTH, w/D : 13 )

|

—

=y

I o

23
LE]

WALL THICKNESS

: SUS 304.003+SM 50B. 05 (m]

{JACKET)

TYPE SPIRAL BAFFLE

AREA 100 (m2)
JACKET I.D. 4.85 (m]
BAFFLE PITCH 5 (m]
BAFFLE-WALL GAP .002 (mJ
FLOW PATHS 1 C(WAYS]

{INTERNAL COIL>

U TYPE VERTICAL BAFFLE
= AREA 149 Cm?2)
= y TUBE O.D. 2163 ()
TUBE THICK. SUS304 ;- .0082  (m)
No. OF COILS 10
FLOW PATHS 2 (WAYS)
(FLOW RATE) TUBE LENGTH 22 Cm/coil)
JACKET SIDE 200 C(m®/hr)
COIL SIDE 350 (m3/hr)
{AGITATOR) ’
ROTATING SPEED 60 CRPMJ
TYPE FLAT PF. TURBINE TURBINE
SPAN (m) 2.6 2 2
No. OF BLADES 3 6 6
BLADE WIDTH (m) 4 4 .4
PITCH Cdeg) 90 45 45
RETREAT (deg] 50 0 0
IMP. HEIGHT  (m) 4 3.2 5.2
(FLUID PROPERTIES)
TEMP. PHASE DENS. VIS. SPEC. HEAT HEAT CONDUCT.
. G0y -] Ckg/m3] (P Ckeal /kg+°C] Ckeal/mehr+°C]
TANK . 80 LIQ. - 650 5 6 15
JACKET : 35 LIQ. 994 .696 .997 .533
COIL . LIQ. 994 - .696 .997 533
(RESULTS)
JACKET SIDE COIL SIDE ‘
TANK LIQUID FILM hji =1010 hco =1450 Ckeal/m2+hr+°CJ
TANK LIQUID SCALE : hjis =— heos =— Ckeal /m2+hr+°C)
TANK or TUBE WALL: hjw =740 hew =1710 Ckeal /m2+hr+°C3
H. T. MEDIA SCALE hjos =2500 heis =2500 Ckeal /m2+hr+°CJ
H. T. MEDIA FILM hjo =2390 hei —=3660 Ckeal/m?+hr+°CJ
OVER-ALL U : Uj =817 Uc =494 Ckeal/m2ehr+°C)
FLUID VELOCITY : . Vi =.805 Ve =1.55 Cm/sec] .
PRESSURE LOSS 4Pj=.241 4Pc =.458 (Kg/cm?]
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" O 4-Blade paddle + 4 plate baffles

A ” noo4 20 "

O 4-Blade pilched paddle + 2plate baffles
A Two 4-blade paddles +2 » "

} © Main & smaller pfandlers + 4 finger baffles
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Fig.‘7 Liquid-Liquid dispersion by several agitator systems
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