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100.0 PURPOSE AND SCOPE

101.0 Purpose

This procedures cffers methods of conducting
and interpreting performance tests on impeller-
"tvpe mixing equipment.

These tests may be conducted to determine
process performance, mechanical reliability, or
svitability of equipment for the intended use.
Since the correct identification of the "real"
problem can be the most difficult part of the
tests conducted on mixing equipment, several of
the procedures tend to follow trouble-shooting
tactics.

fests may be conducted to determine scale-up or
scale-down criteria and to develop other equip-
ment sizing.

The reasons for conducting performance tests
can be varied, but the methods presented should
be generally applicable to most situations.
Care should be taken to set testing priorities
and to select the most suitable methods for a
given situation.

2.0  Scope

Rather than specific instructions, a collection
of techniques is presented to guide the user.
Emphasis is placed on practical methods which
are likely to produce reliable results.

This procedure includes widely accepted nomen-
clature and definitions to assist in the col-
lection and communication of results. General
methods are provided for collecting and analyz-
ing process results, but because of the enor-
mous variety of possible applications for
impeller-type mixing equipment, little detail
is included.

Manv of the useful indirect measures of process
conditions involve mechanically related obser-
vations. Because mechanically sound equipment
is necessary for successful process operation,
many aspects of the testing are mechanical.
Observalions of mechanical operation are also
essential for long equipment life and personnel
safetyv.

103.0 Liability

AIChE and members of the various committees in-
volved make no representation, warranties or
guarantees, expressed or implied, as to the

nplication or fitness of the testing

Mixing Equipment - Impeller Type

procedures suggested herein for any specific
purpose or use, Company affiliations are shown
for information only and do not imply procedure
approval by the companies listed. The user
ultimately must make his own judgement as to
which testing procedures to utilize for a
specific application,

200.0 DEFINITION AND DESCRIPTION OF TERMS

201.0 Intrcduction

Impeller-type mixing equipment encompasses a
wide variety of specific equipment used for
fluid processing. No single description can
provide complete information about all types of
equipment. In general, impeller-type mixing
equipment includes both the rotating mixing
equipment and the tank in which it is used.
The fluid in the tank is also an important con-
sideration in any testing procedure.
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" Fig. 201.1 Impeller Mixing Equipment




The terms mixing and agitation are used almost
_interchangeably. However, mixing may be used : i :
to refer more specifically to the blending of - o j
liquids, and agitation may be used to refer ‘ ’ R
more generally to the motion of fluids for
urposes other than” biending, such as_suspend-
’ solids in a slurry. Mixing equipment and
n .ation “equipment —are "indistinguishable,
unless their application has specific meaning.

102.0 Mixing Equipment

An impeller-type mixer or agitator can be de-
fined as equipment for blending and agitation
of. liquids and liquids, liquids and solids, or
liquids and gases or combinations, such that a
liquid phase is continuous. A .rotating im-
neller provides a thrusting or shearing action
on the Fluid in a vessel. The‘!ﬁuipment takes
many forms, but common to each is a device
(impeller) attached to a rotating shaft.
202.1 Equipment Configurations
In general, the system includes the impel-
ler-type mixer, the vessel, and all inter-
nql accessories, and sometimes auxiliary
equipment. The impeller mixer wusually
consists of five (5) basic components: a
prime mover (typically a motor), an agitator
drive which reduces speed and increases
torque (not always required), a shaft seal
(used only with closed tanks), a shaft and
impeller(s). See Fig. 201.1 Fig. 202.2 Top-entering Propeller Mixer
202.1.1 The most common impeller mixer
configuration is the center-mounted, top-
entering agitator. The shaft is vertical
K./ at the centerline of an upright cylindri-
cal tank. Various types of impellers may
be used, and baffles at the tank walls
are usually necessary to prevent swirling
of the contents. Such equipment is
extremely versatile, and the tank volume

may be less than a few hundred .gallons
'
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Fig. 202.4 Close Clearance Impeller Mixer

(one cubic meter) to over a hundred
thousand gallons (five hundred cubic
meters).

202.1.2 Top-entering, angle-mounted
mixers and side-entering mixers are some
of the more common configurations using
higher shaft speeds and propeller-style
impellers.

202.1.3 Close ¢learance impeller systems
are a special case of the center-mounted
mixers, which are typically wused in
special applications with unusual fluids.
202.1.4 Additional impeller mixer con-
figurations include bottom-entering

° {
I u
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Fig. 202.5 Straight-blade Turbine
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mixers, and tanks with multiple top or
side-entering mixers. Most of the test
methods still apply, even to the more
unusual mounting arrangements.
202.1.5 For additional testing proce-
dures for mixing equipment used with dry
solids, paste and dough, see Ref. 808.1.
202.2 Impellers
An impeller is defined by a set of physical
and geometric’ factors which include diame-
ter, number of blades, contour of blades
(blade shape), width of blades, angle of
blades, and thickness of blades.
Typical impeller types include radial-flow
impellers, tangential-flow impellers, axial-

cLo

—
Lbd

' D
AR

f | —

Fig. 202.7 Disc-style Turhine
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Fig. 202.8 Marine Propeller

flow impellers, anchors, augers
and helixes. The term "turbine"
quently used when referring to

(screws),
is " fre-
impellers

with flat plate-style blades. Examples of

=
ot
—

Fig. 202.10 Double Flight Helix

impellers are shown in Figs. 202.5 throy
202.11. -

These examples are far from all-inclusis
but do reflect some of the commonly use
impeller configurations. Many other impe!
lers are similar in construction and func
tion, but different in detail. Other impe:
lers incorporate features from more than or
of the types shown. For additional informa
tion see Ref. 808.10 and 808.13.3.

202.3 Vessels

An impeller mixer is normally operated in
vertical cylindrical tank. The cylindrica
tank is used because of ease of fabricatic
from metals and the convenience in use
Tanks with square or rectangular cros
sections are used when the material o
construction is concrete. All length dimen
sions can be chosen to define a wide variet
of both sizes and shapes.

In addition to the vessel itself, baffles al
the wall, impeller locations, and many other

AIChE Equipment Testing Procedure
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devices, such as: dip pipes, sparge rings,
cooling coils, plate coils, feed points,
draw-off points, and recirculation points
are all part of the equipment.

202.4 Auxiliary equipment such as compres-
sars for gas sparging, pumps for liquid
recirculation, external heat exchangers, and
similar devices associated with the agitated
process must be considered. Such equipment
may contribute substantially to the perfor-
mance and/or behavior of the agitation
equipment.

203.0 Basic Nomenclature

203.1 Equipment Variables :
Numerous dimensions and parameters are
necessary to completely describe agitation
equipment, but some are so commonly used
that their symbols are used throughout the
description of the testing procedures. For
a complete list of the nomenclature, see
Sec. 803.0
203.1.1 1Impeller Diameter, D. Diameter
is normally measured .as the maximum
diameter swept about the axis of rota-
tion. Impeller diameter is the most
important dimension for mixer testing and
should be accurately measured.
203.1.2 Rotational Speed, N. Speed is
normally measured in revolutions per unit
time, such as revolutions per minute.
203.1.3 Tank Diameter, T. Since most
agitated tanks are cylindrical, diameter

{ixing Equipment - Impeller Type

A}

is an appropriate measure of tank size,
especially inside diameter.

203.1.4 Liquid Level, Z. Liquid level
is usually measured at the deepest point,
such as the bottom of a dished head.
203.1.5 Power, P. Impeller power is the
most commonly used measure of agitator
performance. Power requirements depend
on all of the impeller dimensions and to
some degree -the tank dimensions and im-
peller location. The primary variables
affecting power are impeller diameter and
rotational speed, which must be measured
accurately. Motor power may be used to
describe equipment, but does not neces-
sarily reflect the -operating performance
of an impeller.

203.1.6 Torque, t. Torque is related to
power and speed by the relationship,
T = P/(2nN). Although torque is an
important measure of equipment perfor-
mance, it is even more important in
determining mechanical strength require-
ments. i

203.1.7 Pumping “Capacity, Q. Pumping
capacity, while not consistently defined,
is often used to characterize the fluid
motion resulting from impeller rotation.
Primary pumping capacity normally descri-
bes the direct discharge from the impel-
ler. Total pumping capacity:may include
some portion of the entrained flow, but
definition must be provided.

203.1.8 Fluid Density, p. Density
usually has a direct effect on impeller
power, so while water-like liquids may
have little effect, hydrocarbon 1liquids.
and heavy solutions or slurries must be
appropriately characterized. Density is
often handled as specific gravity (S8.G.)
relative to water.

203.1.9 Viscosity, p. Viscosity is a
measure of the resistance of a fluid to
shear or flow. Consequently it is one of
the most descriptive variables available
to characterize liquids relative to how
they may behave when agitated.

203.1.10 Baffle Width, B. Baffles are
vertical plates attached to the wall of a
tank to prevent uncontrolled swirling of
the fluid. ‘

203.1.11 Impeller Clearance, C. The
clearance between an impeller and the
bottom of the tank is an important vari-
able in determining impeller position.
Clearance is usually measured to the cen-
terline of a simple impeller for posi-
tioning purposes. Clearance between the
bottom edge of the impeller and the
bottom of the tank may also be used, but
either dimension must be checked for
mechanical interference, especially in
dished bottom tanks.

203.1.12 Shaft Length, L. The shaft

_length is directly related to impeller

clearance and location, as well as being
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‘ one of the most important mechanical
design variables.
B 203.1.13 Impeller Weight, W%;. - The
weight of an impeller is important in
\ shaft design relative to natural
} frequency.
203.1.14 Blade Width, W. The projected
. ‘blade width is an important characteris-
tic of the impeller blade, especially
because numerous designs involve essen-
tially rectangular blade shapes.
203.1.15 Blade Thickness, tp. Another
characteristic of an impeller blade,
» primarily related to the strength of the
[ : blade.
! 203.2 Agitation Related Groups
: 203.2.1 Reynolds Number,

!

Npe = _D2NDp
T

Ratio of inertial forces to viscous
forces.
203.2.2 Power Number,

Np = P g
p N3 D5

, where gc 1is the gravitational force
constant for consistent units.

Ratio of impused forces to inertial
forces.

203.2.3 Pumping Number,

(B N D3
%
O Ratio of actual flow rate to a reference

flow rate.
203.2.4 Froude Number,

Ner = _N2 D
g

Ratio of inertiél force to gravity force.
203.2.5 Aeration Number,

Na = _ Qg __
N D3

where Qg is gas flow rate.

Ratio of gas flow rate to a reference
liquid flow rate.

203.2.6 Thrust Number,

! Nth = F
p N2 Da

where Fyy is impeller thrust.
Ratio of imposed forces to inertial
forces.
203.3 Process Related Groups
203.3.1 Weber Number,

Nwe = N2 D3 p
g ge

where o is surface tension.
Ratio of inertial forces to surfac
tension forces.

203.3.2 Nusselt Number,

| NNu = h D
k

Ratio of convective heat transfer rate t
conductive heat transfer rate.
203.3.3 Prandtl Number,

Ratio of momentum transfer rate to hea
transfer rate.
203.3.4 Sherwood Number,

Nsh = _kip D
Dasn

Ratio of convective mass transfer rate t
diffusive mass transfer rate. ’
203.3.5 Blend Time Number,

Ne = BN

where 8 is the blend time.

Ratio of actual blend time to a referenc
time. :

203.3.6 Peclet Number,

NPe = Cp D2 N g
k

Ratio of momentum transfer rate to hea!
conduction rate.
203.3.7 Schmidt Number,

Nse = __ M
p Das

Ratio of viscous momentum transfer rat.
to diffusive mass transfer rate.
204.0 Operating Conditions

Operation of mixing equipment include directl;

related conditions, such as: agitator speer
and power requirements; and indirectly relatec
conditions, such as: feed rates, pressure.

temperature, fluid properties, liquid levels.
residence time, etc.

205.0 Types of Tests

205.1 Operating Performance

Mixer power, speed and torque are important
jndicators of operating performance,
especially how close actual conditions are
to those chosen by design. A quick check of
these basic conditions could correct an,

AIChE Equipment Testing Procedure




. installation or design problem before com-
mitting the system to process operation.

205.2 Mechanical Conditions .
Numerous mechanical conditions must be met
‘or a piece or rotating machinery to operate
successfully. Beyond proper installation,
conditions associated with alignment of
couplings, shafts and gears, adjustment of
shaft seals or drive belts, lubrication and
general maintenance are all associated with
equipment performance. Tests and- measure-
ments of mechanical conditions should always
be considered before starting equipment, or
- when service records are in question.
205.3 Mechanical Operation
Simple observations, such as: direction of
rotation and unusual noise or vibration may
identify possible sources of problems.
Significant vibrations or shaft deflections
are indications of serious mechanical prob-
lems and should be corrected immediately.
Any loud noises or readily observed move-
ments associated with the gear drive should
be investigated. ,
205.3.1 Shaft deflections can be sSerious
mechanical problems, especially since
most impeller mixing equipment is built
with long overhung shafts.
205.3.2 Large shaft deflections are
defined as those where the amount of
‘movement exceeds: generally accepted
engineering limits. Continued operation
could result in premature bearing or seal
failures or even catastrophic mixer shaft
failure.
205.3.3 Large shaft deflections can
result from simple mechanical causes or
complex interactions between fluid forces
and structural dynamics. The four most
common causes are!
205.3.3.1 Mechanical -~ bent shaft,
unbalanced impeller, shaft not verti-
cal, loose bearings or couplings, etc.
205.3.3.2 Filuid - strong disturban-
ces, such as side flows in the impel-
ler region, can cause  imbalanced
loads. .
205.3.3.3 Dynamic - excitation of
structural harmonics, especially
related to frequencies associated with
rotational speed.
205.3.3.4 Design - structure or shaft
inadequate for even normal fluid or
mechanical forces.
205.4 [Process Conditions
Various types of agitation tests can be con-
sidered and used to evaluate many types of
process, performance. Tests could be run as
part of an equipment certification procedure
or to re-evaluate an existing piece of
equipment. Such tests might include, for
example: .
205.4.1 Miscible liquid blending - to
evaluate mixing performance such as blend

:ixing Equipment - Impeller Type

time or degree of homogeneity when pro-
cessing miscible fluids.

205.4.2 Heat transfer - to evaluate
agitator performance including local or
overall heat transfer coefficients from
heat transfer surfaces.

205.4.3 Immiscible liquid dispersion-
to evaluate agitator performance such as
maximum or minimum droplet size, droplet
size distribution, emulsion stability and
mass transfer when dispersing one fluid
in another.

205.4.4 Solids suspension in liquid - to
evaluate agitator performance such as
level of suspension and segregation in
suspended solids in a liquid.

205.4.5 Gas-liquid dispersion - to
evaluate agitator performance such as gas
hold-up, maximum bubble size and reaction
rate.

205.4.6 Reaction rate - may be influ-
enced by several aspects of mixing,
including unifoerm blending, heat trans-
fer, mass transfer; and rapid or complete
mixing may be reflected in the quantity
or quality or reaction products.

205.4.7 Variable conditions - to evalu-
ate agitator performance when conditions
change, such as: liquid levels, phase
ratios, viscosity, solids content, tem-
perature and pressure.

205.4.8 Other tests - because of the
enormous variety of process applications
which use mixing equipment, any other
test may have significance to a user,

206.0 Performance Criteria

Performance criteria should be established
according to process result or intended purpose
of the equipment. The performance of an agita-
tor is limited by its original design and may
not be suitable to achieve performance for
which it was not intended. For example, an
agitator designed to handle liquids may bhe
unsuitable for suspending solids, or a unit
designed for heat transfer may not be able to
handle a higher reaction rate.

300.0 TEST PLANNING

301.0 Preliminary Considerations

301.1 Safety

Any equipment testing must conform to the
latest requirements of all applicable safety
standards. These include, but are not
limited to plant, industry, Local, State and
Federal regulations. It is recommended that
all testing be conducted under the super-
vision of personnel fully experienced in
plant and equipment operating practices.
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301.2 FEnvironmental

The test procedures must conform to the
latest requirements of all applicable en-
vironmental standards which include plant,
industry, Local, State and Federal regula-
tions. Environmental standards that apply
to the equipment in normal operation should
also apply during testing.

301.3 Performance Criteria

Performance of a mixer is more difficult to
characterize than most types of process
equipment, because a mixer usually performs
several functions at once. Agitator perfor-
mance is often judged on whether it makes
the correct or acceptable product, and not
whether it functions hydraulically as de-
signed. A failure in any aspect of the
mixer performance may cause unsatisfactory
results.

Determination of the performance criteria

-must focus on the most important result.

The tests required to determine level of
performance may involve numerous indirect
measures of performance in addition to the

" specific results.

Typical mixer functions may include:

Batch Physical
Environment Processes

Transport
Processes

Suspension Dissolving
Dispersion  Absorption

Liquid-Solid
Liquid-Gas

Immiscible Liquids Emulsions Extraction

Miscible Liquids Blending Reactions
Fluid Motion Pumping Heat Transfer

301.4 ~Test-Objéctives
The reasont=~f8rFifning a test must be
clearly defined.

® 301.4.1 Tests may be run to ascertain

that the agitator performs satisfactorily

from a process and/or mechanical stand-
point.

301.4.2 Process and mechanical require-

ments may be a contractual obligation

with tests planned accordingly.

& 301.4,3 Tests may be conducted to iden-
tify a basis for scale-up or scale-down.

& 301.4.4 Tests mey be run to identify
possible causes of process or mechanical
problems.

» 301.4.5 Tests may be part of an effort
to improve process performance or produc-
tivity through equipment modifications.

301.5 Multiple Applications
Effects of changing liquid level, viscosity,
speed, flow rates and other process condi-
tions may be important in tests. Some
equipment is used for different purposes at
different times. The testing requirements,
may be different for different situations.

302.0 Plans for Operating Performance Tests

Power, torque, and speed are important char:
teristics of mixer performance, and indir:
measures of process performance. A knowle:
of these three variables is essential to te:
ing of any impeller mixing equipment. In ad
tion, the design of other vessel accessor!
and support structures are directiy related
these variables.
Power data are also important for establishi
operatirng costs, and in many cases, are dire
ly related to the process result.
To relate motor power to mixer power (enei
applied to the batch), it is necessary
define the efficiency of each component of !
drive system. These efficiencies are often
complex function of operating speed and appli
power.
302.1 Speed
Impeller speed should be measured to ensu
that the equipment operates at the speed f
which it is designed. Accurate measuremen
typically to +the nearest revoiution p
minute (hundredth of a revolution per se
ond), is necessary because of the stro
influence of speed on power.
The measurement is also required in ord
to relate power to torque. If the agitat:
js provided with variable speed capabilit
other tests may be performed alt maximu
minimum, and intermediate speeds to test tt
full range of operation.
302.2° Power
Motor power draw may be measured to ensu
that motor nameplate rating is not exceed
and/or to determine if the impeller
imparting the design or desired power to tt
fluid.
302.3 Torque
Torque may be measured to ensure that
torque rating of the gear drive or oth
component is not exceeded, and/or to dete:
mine if the impeller is imparting the desi:
torque to the fluid,

303.0 Plans for Mechanical Condition Tests

303.1 Equipment Verification

As an important part of the planning as
preparation process, a thorough inspecti

and documentation of all aspects of t

equipment should be performed. A comple:
review of drawings, instruction manual

rating plates, and any other documentati

may help identify or correct anticipat

conditions.

303.2 Alignment

Alignment of flexible and rigid couplin
or belt drives may be measured to ensu:
that they are within design specification:
The gear drive may have to be checked 1!
assure that it is level. Special adjus?
ments, such as for a separate seal or stea?
bearing, may be required.

AIChE Equipment Testing Procedur:



303.3 _Runout

Runout (lack of centering) of the lmpeller
shaft and other shafts may be measured to
ensure that they are within design specifi-
cations. Shaft runout is of particular
importance at a shaft seal or at the end of
the overhung shaft.

303.4 Gear Tooth Contact

Gear tooth contact pattern may be measured
to ensure compliance with design specifica-
tions. A poor contact pattern can be an
indication of mechanical defects.

303.5 Seals

Most agitator shaft seals are. des1gned to
leak at a small finite rate for lubrication
and cooling. Vessel contents (liquid or
~vapor) may leak out of the vessel, or there
may be leakage of the seal fluid into the
vessel. The leakage rate may be measured,
or the leakage analyzed for content, to
determine if the seal is operating as
designed. .

303.6 Auxiliary Equipment

Tests may be required to ensure auxiliary
equipment is operating within design speci-
fications. Auxiliary equipment can include:

steady bearings, variable speed clutch,
lubrication system, cooling system, and
similar devices.
303.7 Vibration

Vibration may be measured on the motor
and/or the gear drive to ensure it does not
exceed design standards and to ensure that
there is no adverse vessel/support/agitation

equipment interaction causing excessive
vibration. -

303.8 Noise

Noise may be measured to ensure compliance

with design and/or environmental standards.
Excessive noise may be an indication of a
mechanical defect or adverse interaction
with the vessel support system.

304.0 Plans for Mechanical Operation Tests
Most mixers have cantilevered (overhung)
shafts. Lateral forces due to flow instabili-
ties act at the impeller to bend (deflect) the
shaft. 1f the deflections are too large, seal
or accessory life problems might be encounter-
>d.  Ultimatelv complete failure of the shaft
~ould also occur.

3efore proceeding further in planning a test,

eview the installation. The most common

:auses of shaft deflection problems are errors

in mechanical installation or damaged equip-

nent. A complete dimensional check should be
vertormed tirst. Bent shafts, wunbalanced
impeller, .out of plumb shaft, loose equipment,

‘tc. are typical factors.

'f there is a question about shaft deflections,
he mixer designer/manufacturer should be
ontacted for specific information about accep-
‘ble limits. Dynamic tests should be consi-
red only after problems have been documented.

iixing Equipment -~ Impeller Type

hiibegiilad s iiad

i i iey e v
SACE T R dt ey

The testing procedure should be a sequential

program to eliminate possible causes of large

deflections.
304.1 Measure and quantify deflections.
Identify runout and point of measurement.
304.2 1In general, any process factor which
effects power input or liquid motion will
probably affect fluid forces. Typical
factors include: gas sparging, liquid feed,
baffles, accessories near impeller, system
asymmetries, etc. Because of this relation-
ship a review of power data could be help-
ful,
304.3 Measure natural
and mounting structures.
304.4 Measure shaft strain or deflection
under operation. If possible, vary speed
and measure changes in shaft strain or
deflections.

frequency of shaft

305.0 Plans for Process Condition Tests

If multiple process variables are an essential
part of a testing program a systematic approach
to experimental design is recommended. Only
through experimental design can process effects
be adequately decoupled for analysis and inter-
pretation.

305.1

time

Miscible Liquid Blending. Measure
required (blend time) to achieve a
specified degree of uniformity. Sample
volume and location must be specified in
addition to uniformity criteria to achieve
consistent results. See Ref. 808.11,
808.13.2, 808.13.4, 808.13.7 and 608.13.8
for additional information about mixing.
305.2 Heat Transfer. Overall heat transfer
coefficients may be determined and an esti-
mated process side heat transfer coefficient
computed. See Ref. 808.10, 808.11, and
808.13.5 for additional information about
heat transfer.

305.3 Immiscible Liquid Dispersion. Dis-
persion may be tested by physical criteria
such as droplet size distribution or mean
droplet size or by mass transfer criteria,
i.e., mass transfer coefficient.

305.4 Solids Suspension in Liquid. Usually
percent solids and size distribution as a
function of position in a vessel |is
measured. For incomplete suspensions,
fillet size and contour may be measured.
See Ref. 808.11, 808.12, 808.13.9 and
808.13.12 for additional information about
solids suspension.

305.5 Gas-Liquid Dispersion. The usual
criteria in gas dispersion is related to
mass transfer, e.g., kLA measured according
to certain assumptions by standard or spe-
cial methods.

305.6 Variable Conditions. Changes in
physical properties such as viscosity, or
other operating conditions may impact test
results for any of the aforementioned pro-
cess tests and should be taken into account.
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305.7 Other Measurable Results. Tests
could be run to evaluate many other process
parameters. Tests must be appropriately
planned so that the needed evaluations can
be made.

306.0 Performance Criteria

A precise numerical definition should be estab-
lished, if possible, on each test to determine
what is successful, or at least if improved
performance has been achieved.

400.0 MEASUREMENT METHODS & INSTRUMENTS

401.0 Introduction

A variety of equipment is available for measur-
ing the characteristics of the mixer and the
process. The following sections describe some
of the more important equipment and tests that
can provide information necessary for perfor-
mance tests.

In developing technical information it is
important that the degree of accuracy and the
rigor of the development of the information
match the required application.

The results need not be any more precise or ac-
curate than required for the intended applica-
tion. In some cases a preliminary measurement
using simple mcthods will establish whether or
not the result is important and whether more
accuracy is required. The calibration accuracy
and data reproducibility (precision) must be
defined for each measurement.

402.0 Operating Performance Measurements

402.1 Speed

The speed of the mixer shaft can be measured
by using a tachometer, a stroboscope, or by
counting the low speed shaft rotations. Any
device should have an accuracy of plus or
minus one percent of this important measure-
ment. Uncertainty in power will be less
than plus or minus three percent with this
accuracy.

The use of nameplate motor speed and nominal
gear ratio is not sufficiently accurate for
speed determination. Motor slip and vari-
ance within nominal speed ratios, accepted
by AGMA Standards, can contribute to signi-
ficant errors relative to actual speed.
Motor speed can be used only if it is accur-
ately measured and the exact gear ratio is
known or determined.

402.2 Power

The measurement of power is an important
characteristic of the mixer performance.
Aside from mixer design, vessel hardware
and support structure are directly related
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to power requirements. Power data are als:.
important for establishing operating cost:
and in most cases are related to proces:
results.
402.2.1. Electrical Power Measurements
“"Direct’ ‘measurement of electric powe:
(kilowatts) is accomplished by the ust
of a wattmeter. This method is preferres
for ‘determining the power drawn fror
alternating current, induction motors.

good wattmeter contains the circuitr
necessary to measure volts, amps an
phase angle (power ltactor or voltage-

amperage reactance), and thus to accur-
ately reflect true power.

402.2.2 Other Electrical Measurements
Power may be calculated quite accuratels
if amperage, voltage and power factor are

measured. Accuracy decreases if power
factor and/or voltage are not actuall:
measured, possible errors are in excess
of twenty percent.

402.2.2.1 Current

An ammeter is used to measure the
electric current. Clamp-on induction
coil meters are commonly used. For
multi-phase motors, the current needs
to be measured for each active leg.
402.2.2.2 Potential
A voltmeter is used to measure elect-
ric potential. For multi-phase cir-
cuits the voltage should be measured
between active legs, and readings
.matched with current readings.
402.2.2.3 Power Factor
Although the power factor is frequent-
ly thought to be a characteristic of
an individual circuit element, it car
be strongly dependent on other equip-
ment installed on the line. For the
highest degree of accuracy, the power
factor should be measured for each
application. Low power factor mayv
even be a contributing factor in motor
overloads.
402.2.3 Component Losses/Efficiencv
A complete mixer analysis includes the
performance of several drive components:
motor, couplings, variable speed drives,
gear reducers, etc., Power is often not
identified by the point of measurement.
The difference between input power
(usually kilowatts) to the prime mover
(electric motor) and the power applied tec

Hﬁﬂ,whhxthe fiuid (shaft power) may exceed fif-

Iy

g%

.ot

teen percent. Converting a measurement
of power from one point to another re-
quires a detailed knowledge of the power
losses for each component. The loss (or
efficiency) for several components de-
pends on both operating speed and trans-
mitted power.

402.2.4 No-load Power

The full-load drive losses cannot be
accurately measured by operating the
mixer in air, a ‘"no-load" condition.

AIChE Equipment Testing Procedure
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Aside from measurement accuracy, com-
ponent losses at no-load conditions are
often substantially different from losses
at full-load conditions. Measurement of
no-load losses may in some cases give
some indication of the magnitude of
actual losses or to identify other prob-
lems.
402.2.5 Other Power Measurements
Since power sources other than
electricity can be used to drive a mixer,
other measurements may be appropriate for
a given application. For example, power
can be determined for air motors and
hvdraulic drives from measurements of
pressure drop across the motor and the
operating speed (flow rate).
402.3 Torque
Direct measurement of torque is most often
used as an alternative method of determining
power requirements. The product of torque
and speed for a rotating shaft is a direct
representation of transmitted power. The
accuracy of power measured by these techni-
ques depends on cumulative errors in the
individual measurements. The careful ap-
plication of torque measurement techniques
can vield an accurate and direct measure of
impeller power.
402.3.1 Rotating Shaft
Instrumentation is available to measure
the torsional loading on a rotating
shaft. These devices are generally based
on a flexural member with a strain gauge
bridge attached. Associated circuitry
powers the bridge and measures the resis-
tance imbalance due to torsional loading.
These devices may be subject to error
induced when the strain gauge region is
subjected to excessive bending loads.
Errors can also be introduced during the
transmission of the signal from the
rotating shaft to the observational
environment.
402.3.2 Reaction Load
On small scale tests, the vessel or drive
svstem can be mounted on a low friction
bearing. The torque required to prevent
13‘ rotation of either the vessel or drive is
measured. This technique has limited ap-
plicability in large scale equipment.
402.3.3 Reaction Strain
Torque might also be measured by the
deflection of motor mounts or other
support structures. Materials loaded in
the elastic range will undergo deflec-
Lions directly proportional to the as-
sociated load. A suitably precise mea-
surement using strain gauge techniques to
measure these deflections can be used to
measure torque.
402.3.4 Calibration
For any custom measuring technique, a
detailed calibration must be performed.
Tests must be devised to quantify the
precision and the accuracy of the

Mixing Equipment - Impeller Type

measurements. The most convenient method
of calibration involves applying known
static loads. The dynamic agitator loads
can be compared to the static calibra-
tion. The calibration must include any
effects of installation geometry which
might affect the measurements.

403.0 Mechanical Condition Measurements

If possible, measure all dimensions of the
installed equipment and keep dated records.
Photographs of the equipment and tank internals
also provide an excellent permanent record for
subsequent compar ison with future conditions.
403.1 Alignment and Adjustment
403.1.1 Couplings and Belt Drives
Alignment of flexible couplings, rigid
couplings and belt drives is normally
accomplished with a scale and a clamp-
on or magnetic-base adjustable-arm dial
indicating micrometer or other instru-
ments as specified by the manufacturer.
Electronic indicators are also available.
403.1.2 Gear Drive Base
A level and feeler gauge can be used to
ensure the gear drive is level to within
the specifications of the manufacturer.
403.1.3 Vertical Alignment
Proper leveling and locating of the gear
drive normally satisfies vertical align-
ment, however, the vertical alignment
should be checked, and may be used to
check drive leveling.
403.1.4 Special Requirements
Manufacturers may indicate special ad-
justments are required. Refer to the
following sections for separately mounted
seals and steady bearings.
403.2 Runout
Shaft runout may be measured with a mag-
netic-base dial indicating micrometer,
displacement proximity probe, or other
suitable device. A measurement range of
0-50 mils (0-1000 micron) peak-to-peak dis-
placement with 0.5 mil (10 micron) gradua-
tions would normally be sufficient for
measurement at the drive base or seal.
403.3 Gear Tooth Contact Pattern
Gear tooth contact pattern may be measured
with wmarking compound, commonly termed
transfer dye or bluing dye. A spray coating
of molybdenum disulfide may also be used to
mark the gearing. Depending on the type of
gearing, the exact pattern may be different,
but in general it should show consistent and
uniform contact on all the teeth.
403.4 Seals
403.4.1 Packing Seals
A packing seal is usually characterized
by a pliable compound or rope which is
held tightly around the shaft. Although
this method of sealing can retain a
considerable pressure, a certain amount
of liquid or lubricant leakage is

11
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normally necessary to reduce friction and
remove heat generated by friction. The
rate of leakage may be important. Some
packing compounds, especially those with
a graphite or graphite and PTFE base, may
not require grease lubrication.
403.4.1.1 Liquid leakage out of a
submerged packing seal (stuffing box
seal) may be detected visually.
Liquid may be collected over a period
of time and volumetric leakage rate
determined. )
403.4.1.2 Grease consumption may be
the only leakage in or out of a packed
seal located above the liquid level.
Grease requiremenls over a period of
time, up to weeks or more, may be
logged and reported as a volumetric
consumption rate.
403.4.1.3 Vapor leakage out of a
packed seal may be detected with soapy
water. Leakage rate may be recorded
as bubbles per minute. The vapor may
be collected if a backup seal is
provided and analyzed for content and
rate.
403.4.2 Mechanical Seals
A mechanical seal with a liquid barrier
lubricant is the seal type least likely
to show visible leakage, although lubri-
cant may leak in to or out of the vessel.
Lubricant leaking out of the seal may
vaporize and not be visible. The volume
of lubricant in the barrier liquid reser-
voir may be measured periodically and
additions logged for weeks or months to
be reported as a volumetric consumption
rate. The temperature of the barrier
lubricant may be measured at operating
conditions using a suitable thermometer.
403.4.3 Separately HMounted Seals
Most seals will be mounted in a rigid
frame attached to the gear drive, which
ensures alignment with the agitator
shaft. However, some types of seals,
typically called "separately mounted
seals", must be aligned after installa-
tion. Concentricity and squareness of
the seal to the shaft may be measured
with a clamp-on or magnetic-base dial in-
dicating micrometer.

403.5 Auxiliary Equipment

403.5.1 Steady Bearings

If needed, a steady bearing is usually
installed after the gear drive and shaft
have been fixed in place. The steady
bearing housing can be set in place to
suit the shaft using a rule and scribe.
403.5.2 Lubrication and Cooling Systems
Pressure measurements may be made at
various locations with a pressure gauge.
Pressure gauges may be installed per-
manently.

Flow rate Ffor proper operation may be
verified directly by flow measurement or
indirectly by temperature measurement.

403.6 Vibration

Vibration of equipment components may t

measured with the following types of instru

ments:
403.6.1 contact-type displacement trans
ducers suitable for 0-10 mils (0-250 mi«
ron) peak-to-peak displacement wil
0.2 mil (5 micron) graduations and
filter for 1-100 Hz.
403.6.2 contact-type velocity tranc
ducer suitable for O0-1 inches/seco
(0-25 mm/s) peak velocity wit
0.02 inches/second (0.5 mm/s) gradua
tions and a filter for 1-100 Hz.
403.6.3 contact-type acceleromete
suitable for 0-5 g’'s (0-50 m/s2) pec
acceleration with 0.1 g's (1 m/s2) grad:
ations and a filter for 1-100 Hz.

403.7 Noise

Field noise measurements would normally |

for sound pressure level in decibels (dB}

The following types of instruments mav t

used:
403.7.1 Sound level meter with ¢
A-weighted filter network suitable ftu
50-120 dBA with 1 dBA graduations.
403.7.2 Octave band analyvzer suitab:
for 50-120 dB with 1 dB graduations wil
standard set of contiguous octave bane
in the range 60-8000 Hz.

403.8 Temperature

The temperature of the oil in a gear dris

or motor surface temperature may be measure

with an indicating device suitable fc

0-150°C with 1°C graduations.

404.0 Mechanical Operation Measurements

404.1 Natural Frequency

Shaft and structure natural tfrequencies ai

measured using vibration instrumentation

Special low frequency resolution probabl

will be required. It is not unusual fn

large mixer shaft frequencies to be in U

range of 0.3 to 2.0 Hz.

404.2 Shaft Strain

Stress is directly proportional to ¢th

strain as measured by foil gauges. A strai

gauge bridge may be mounted on the shaft o
a separate spool piece inserted between th
mixer and drive. Signal amplitude increase
as the location point is moved closer to th
bearing adjacent to the overhung portion of
the shaft.

Signals must be transmitted from the rota
ting shaft to the stationary surroundings
Slip rings or radio telemetry can be used
Dynamic stress can be recorded on a stri.
chart recorder to get peak values. A spec
tral analysis of this signal gives pertinent
frequency information. Frequencies may hel-
identify the source of problems.

The output from these gauges can be used for
natural frequency measurements in place of
the acceleration probe.

AIChE Equipment Testing Procedure



'404.3 Deflection
Shatt deflection is a primary indicator of
shaft dynamics. Dial indicators, magnetic
proximity probe, and strain gauge deflection
arms (i.e., "flipper gauges") have been used
to measure deflections. In general, these
devices are mounted above the liquid level.
Deflection magnitude increases as the dis-
tance from the bearing increases. Greatest
resolution would be obtained by having a
sensor near the impeller on a cantilevered
shaft.
A limitation for any of the direct shaft
deflection measurements is that the static
runout must be subtracted from it. It is
conceivable that at the point of measure-
. ment, equipment runout (though within accep-
table tolerances) is a significant part of
the total deflection.
With suitable placement and signal process-
ing, a displacement sensor could be used for
natural frequency measurements in place of
an acceleration probe.
404.4 Spectral Analysis
Shaft strain or deflection under operating
conditions gives magnitude and frequency
data. The ability to perform a spectral
analvsis of these signals is a powerful aid
in tracking down the source or cause of
mechanical vibratious. In addition to
natural frequencies of shafts and structural
components, gear mesh and bearing contact
frequencies can be measured.

-

5.0 Process Condition Measurements

405.1 Density or Specific Gravity
Agitation tests will almost always involve
the measurement of fluid density, since
power consumption is directly proportional
to density except at low Reynolds numbers.
Other fluid forces on the agitator are also
proportional to density. Fluid blending
applications frequently involve the blending
of fluids of different densities. Apparent
fluid density can be affected by entrained
gases and suspended solids.

Densitv can be readily measured for homogen-
eous fluids. Hydrometers may be used, when
available. An accuracy of #0.01 can usually
be obtained with such measurement techni-
ques. A known volume can be weighed in a
graduated cvlinder, usually with a little
ltess accuracy, but with satisfactory re-
sults.

For ncn-homogeneous fluids, a variety of
methods are available, including those just
mentioned, to obtain a pseudo-homogeneous
value.

Average densities of liquid-gas systems are
usually estimated by determining gas hold-
up. Hold-up can be determined by the volume
change on settling or by other methods. such
as pulse testing. Measurement of the liquid
surface may be difficult because of foan.

Hixing Equipment - Impeller Type

Densities of liquid-liquid and liquid-solid
mixtures may be determined by calculating
densities of the various phases and deter-
mining the volume fraction by settling or
other separation techniques.

The average density (p) of a mixture can
usually be estimated by

p = Xy + x2 o+ .0 |-t
P1 P2

where x; and p; are the mass fraction and
density respectively of each component.
Average densities should not be calculated
in this manner if a significant volume
change on mixing occurs.

405.2 Viscosity

Viscosity is an important physical para-
meter in many mixing tests. At viscosities
less than 100 cp (0.1 Pa.s), viscous effects
are typically small. At higher viscosities,
the wviscosity basically determines how
difficult the movement or flow of the fluid
will be. At viscosities greater then 10,000
cp (10 Pa.s), the effects may dominate the
problem,

Process effects are usually correlated by a
Reynolds number, and as such, related to
many other parameters, such as power number,
impeller pumping number, and heat transfer
coefficient. In the laminar region of
impeller Reynolds number, power consumption
is proportional to viscosity, rather than
density.

As much as possible, wviscosity should be
measured at the operating conditions of the
mixer, including temperature, pressure, and
shear rate. Newtonian fluids, for which
viscosily does not change with shear rate,
several types of viscometers can be used,
including: open spindle, falling ball, cup
and orifice, close clearance cup and bob, or
cone and plate.

Shear stress may significantly change the
apparent viscosity of some fluids, which may
greatly affect agitator performance. The
degree of non-Newtonian behavior of fluids
can be estimated by operating a viscometer
at varying shear rates. Such tests could
include running an open spindle viscometer
at several speeds. A discussion of non-
Newtonian fluids can be found in Ref.
808.10, 808.11, and 808.13.8.

There are also viscometers available which
measure viscosity using a spindle shaped
much like an agitator paddle. Laboratory
agitators with torque measurement capabili-
ties may also be used. Again, operation at
several speeds can be used to determine vis-
cosity at different shear rates.

The viscosity of some fluids change with
time. The tests must measure viscosity of
the fluid sheared at a known shear rate for
a period of time. Other fluids have dif-
ferent types of shear dependent behavior,
including viscoelasticity.

13
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405.3 Physical State
405.3.1 Gas-Liquid and Liquid-Liquid
Hold-up is defined as the amount of
dispersed phase maintained in a mixed
system, and is usually expressed as a
volume fraction or percent. The dis-
persed phase can be either a gas or li-
quid. Hold-up is frequently measured by
collecting a sample of the material,
allowing it to settle, and measuring the
amount of material in each phase.
In a flow through system, hold-up does
not necessarily equal the volume fraction
of the added dispersed phase. If there
are density differences, one phase may
travel faster than the other.
Drop size of a dispersed phase depends on
the component properties and the equip-
ment design and operation. Drop sizes
can be measured by such techniques as
photography and light transmittance.
405.3.2 Solid-Liquid
Particle size distributions can be repor-
ted in many ways. For sieve analyses,
the results are usually reported as the
weight fraction that goes through one
screen and is caught on the next, such as
~-48 465, for particles which pass through
48 mesh and are caught on 65 mesh
screens. Results are also reported as
cumulative mass fractions of diameters
larger or smaller than a given size.
Solids settling velocities are needed
for proper design of agitators and thus
~may be needed to run an accurate agitator
test. Higher settling velocities require
higher fluid velocities for suspension.
For relatively dilute (<10%), near-spher-
ical particles, settling velocities can
be measured by timing the fall of a
sample of solids through a known distance
in the test liquid.
405.4 Chemical Composition
In some instances it is necessary to know
the chemical composition of the fluid.
Direct determinations can be made, such as
by chemical analyses and various spectro-
scopic means.
If it is necessary to determine composition
or concentration during a operational test,
it is more common to determine chemical com-
position by indirect means. Some physical
or chemical property is selected that will
vary with the change in composition. Appro-
priate calibrations are needed to determine
the composition associated with the magni-
tude of the property. The property selected
will depend on the Fluid being evaluated.
Tests to be used might include: density,
refractive index, pH, light absorption, and
even on-line chromatographic separations.
Care must be taken to select a property that
is not affected by other system changes and
that varies enough so that experimental
error does not significantly impact the
results.

405.5 Other Physical/Chemical Properties
Many physical or chemical property measure-
ments are possible. In some cases, any of
the following parameters might be important:
interfacial tension or surface tension,
specific heat, thermal conductivity, boiling
point, melting point, latent heat of vapori-
zation or fusion, heat of reaction. heat of
mixing, molecular weight, or mass diffusivi-
ty. Frequently, measurement is not re-
quired, because properties may be estimated
from tabulated or empirical data. Even pro-
duct quality may be a satisfactory measure
of mixer performancc or change in perform-
ance,

406.0 System Operating Conditions

406.1 Temperature
Process temperature can affect the process
directly and could change what product is
made. Temperature changes can also relat
to the performance of mechanical components,
such as in seals or gear box oil.
A variety of temperature measuring, record-
ing and controlling devices are availabte.
The choice will depend on the specific
requirements. For specific suggestions and
measurement techniques, see Ref. 808.3.
It is desirable to calibrate all tempera-
ture measuring devices before and after
each test. Calibrated spares are often
useful during a test.
The location of the measuring device is of
the greatest importance. It should be
installed to minimize the error introducec
by radiation or convection and should be
located in moving and mixed streams to
obtain maximum sensitivity and to avoid
errors due to stratification or stagnation.
406.2 Pressure
Equipment tests may be needed al elevated
pressures such as to test for seal leaks.
The volume of a gas present in a gas-liqrid
test will vary with pressure.
Many types of pressure measuring devices are
available commercially. The choice will
depend on specific requirements. See Refer-
ence B808.2 for specific suggestions and
measurement techniques.
In some instances the process fluid needs teo
be isolated from the measurement element in
the pressure gauge to prevent damaging,
plugging, solidification, etc. Options
include liquid seals or integral diaphragms
to isolate the instrument from the process
fluids.
406.3 Fluid Level, Volume, and Flow
406.3.1 Fluid Level
The type of instrument used to measure
fluid level depends on the equipment
size, the conditions of the test and the
degree of accuracy needed.:
Gas hold-up for gas-liquid processes can
cause the 1liquid level to change
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significantly from gassed to ungassed
conditions.
406.3.2 Volume Measurement
Differential volume and differential
weight are commonly used to measure flow
of fluids from tanks. When fluid flow
measurement is made using volumetric or
weigh tanks, several measurements should
be made to ensure that steady state is
obtained before the start of the test.
Volumetric tanks should be calibrated
prior to a test with weighed increments
of liquid measured at a known tempera-
ture. Suitably designed volumetric tanks
can be accurate within #0.5% of total
volume. Weigh tanks should be calibrated
for volume over the entire range of
weights at which they are to be used.
Accuracies of 10.2% of full tank weight
can be obtained. Recommendations as to
the proper design, construction, calibra-
tion, and operation of volumetric and
weigh tanks are given in Ref. 808.4.
406.3.3 Flow Measurement
406.3.3.1 Volumetric Meters
The selection of meter type depends
on the fluids being considered and
the accuracy needed. However the
meters listed here measure volume and
not mass flow. Errors will be caused
by any variations in actual specific
gravity, such as those caused by tem-
perature fluctuations, entrained gas,
etc.
Rotameters of many types are commer-
cially available and, when properly
installed, calibrated and cleaned, are
‘excellent devices for fluid-flow
measurement. Accuracies of 0.5 to 10%
of full scale are common, depending on
size and calibration. For information
concerning corrections for temperature
and pressure, see Ref. 808.4.
The rate of flow of fluids is most
often measured by differential pres-
sure meters. Commonly used ones are
orifice meters, venturi meters, flow
nozzle meters, and pitot tube meters.
Accuracies of 0.5 to 10% of full scale
are common depending on the type of
meter used. For additional informa-
tion, see Ref. 808.4.
Magnetic flow meters are suitable for
liquids that have slight electrical
conductivity. This style meter is
reported to be particularly useful for
measuring flow of liquids containing
suspended solids. Accuracies of about
0.5 to 2% of full scale are common.
406.3.3.2 Mass Flow Meters
This stvle of meter is designed to
handle multiphase fluids or applica-
tions where the specific gravity is
not constant. Different styles can
handle dispersed gases or solid
slurries. Accuracies of 0.4% of
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actual rate are possible with some
models.
406.3.3.3 Keirs :
Weirs may be used for fluid-flow
measurement of large flows, such as
flow through large basins. Accuracy
of 2 to 5% of full scale may be ob-
tained with.a calibrated weir,
406.3.3.4 Impeller Flow Measurement
Flow produced by an agitator impeller
can be a significant item. Various
laboratory methods have been developed
to measure flow including pitot tubes,
hot wire or hot film anemometers,
laser anemometers, rotary impeller
flow meters, etc., For most of these
methods it is necessary to measure
the velocity at a point and then sum
the values over an area. One has to
be careful, however, to distinguish
between the primary flow produced by
an impeller and the total flow, which
includes induced flow in the vessel.
Impeller flow also has various vector
components, which include axial (along
the shaft), radial (out from the
shaft), and tangential (in the direc-
tion of shaft rotation). Actual
experimental measurements are dif-
ficult in large installed equipment.
Visual observation may give some
indicativn of surface motion, bBut
little else. Impeller flow can be es-
timated wusing the data given in
Sec. 804.2, although that this is only
an estimate.
406.4 Phase Ratios
A determination is sometimes needed for the
phase ratio of multiphase fluids. This can
include liquid-solid, liquid-liquid, liquid-
gas, and combinations,
Phase ratios are normally determined by ob-
taining a representative sample and then
allowing the phases to separate, either
naturally or with centrifugal force. The
amount of each phase present must then be
measured.
Phase ratios are generally expressed on a
weight basis, although gas-liquid ratios can
be expressed as a volume ratio at specific
conditions. Some devices are available that
may directly or indirectly measure the com-
position of the phases without needing
separation.
It may be necessary to determine the com-
position of the various phases due to pos-
sible solubilities of different components
in the phases.
406.5 Blend Time
Blend time can be defined as the time from
the start of mixing at some unmixed condi-
tion until the vessel contents reach a
predetermined value of uniformity. Fre-
quently used criteria include the time to
reach specified variations in temperature,
density, component concentration, etc.
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No universally accepted definition exists of
what constitutes complete blending. Some
processes may require as little as 95%
uniformity, while others may require in
excess of 99.9%. Methods of determining
uniformity must be considered., The degree
of uniformity must be established on the
basis of process objectives or decided for
each specific case. Since concentration is
dependent on location, multiple samples as
different locations are required to assure
uniformity.

406.6 Sampling

Different types of sampling techniques can

be wused, depending on what is being
measured.,
Caution: grab-sample techniques should not

be attempted while equipment is operating.

Some sampling methods include:
406.6.1 Grab scoops, bottles, buckets,
etc., for surface samples.
406.6.2 Spigots and sample cocks for
samples along walls.
406.6.3 Sample valves on discharge lines
for exit condition samples.
406.6.4 Sampling pumps with movable
sample lines for composite samples or
sample from various locations.
406.6.5 A drop-bottle with a top that
can be opened at the bottom or other
known location may be used for multiple
samples to estimate the average composi-
tion.
406.6.6 Samples should be taken from
those points where the most useful data
will be gathered rather than from those
points where it is easiest to obtain.
Depending on the reason for the test, one
may need- to sample the central region,
quiet zones away from the agitator, the
surface, the bottom, corners, etc.
406.6.7 Multiple samples should be taken
to determine statistical significance.
Samples should be checked during the test
to determine whether the sampling is
sufficient as far as number, size, loca-
tion, etc. Samples should be taken from
more than one point depending on the
degree of statistical certainty that is
needed. Acceptable statistical methods
should be used to determine means and
deviations, and the reliability of each.
This should be done to define size and
number of samples and to check the sample
variance, Ref. 808.1 provides additional
information on sampling.

500.0 TEST PROCEDURES

501.0 General Test Procedures

Impeller-type mixing equipment includes a broad
variety of specific types of equipment, which
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may be applied to an even greater variety o
processes. To define a general procedure whicl
would be applicable in all cases is impossible
The best advice for testing anv complicate
combination of process and equipment variabie:
is to first define the problems and then deter-
mine to most likely approaches to solving them
The complexity of most processes relative t.
the performance of mixing equipment is sucl
that only indirect measures of equipment per
formance are practical. As a result, many o
the following procedures emphasize generall
applicable measurement techniques whirh ar-
often indicative of process performance o
resulis.

502.0 Preliminary Operation and Sarety

Prior to actual operating any mixing equipment
a thorough safety check should be performed.
including at least the following steps:
502.1 Instruction Manuals
Check manufacturer’s instruction, operatio:
and maintenance manuals for start up proce-
dures. Gheck for recommended oil and greas«
quantities, levels and specifications.
502.2 Check for Debris in Vessel
The mixing vessel should be checked for de-
bris, workmen’s tools, ladders, and thr
like.

WARNING: Personnel should never be in a
mixing vessel when the mixer is running,
whether the vessel is empty or not.

502.3 Check for Obstructions
The mixing vessel should be checked fo
internal obstructions to the rotation of thr
impeller. Baffles or probes may have beet
installed inadvertently such that they woulc
interfere with the impeller when rotated.
502.4 -Pre-Operational Check
Measurements of significant dimensions anc
parameters should be made and compared witt
manufacturer drawings for mixer and vessel.
502.4.1 Dimensional
502.4.1.1 Impeller diameter, blad:
width and angle, and number of blades.
502.4.1.2 Shaft length and diameter,
extra keyway.
502.4.1.3 Impeller
shaft.
502.4.1.4 Clearance between impelle:
and vessel bottom.
502.4.1:5 Baffle: number, width
length, and spacing from the tan
wall.
502.4.1.6 Shaft runout at bottom.
502.4.1.7 Vessel dimensions:
diameter, height from inside bottom tc
mounting face, etc.
502.4.1.8 Liquid levels.
502.4.2 Equipment
502.4.,2.1 Motor speed, power,
electrical classification, etc. and

location(s) o
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any other useful information on name-
plate.
502.4.2.2 Gear drive reduction ratio
and power rating.
502.4.2.3 Equipment near impeller.
502.4.2.4 Equipment adjustment:
bolts, belts, mounts, couplings, etc.
502.5 Hand Turning
Frequently the motor coupling can be turned
by hand, or with a suitable manually opera-
ted lever, to produce slow motion of the
impel ler. This technique may be used to
check: direction of rotation, agitator
shaft runout, obstructions in the vessel,
smooth feel indicating no mechanical defects
in the drive equipment or seal, all prior to
powered operation.
302.6 Jog
Prior to operational start up the mixer may
be "jogged” or “bumped, meaning rapidly
turned on and off. Direction of rotation
can be observed along with smooth operation
without unusual noise indicating the absence
of obstructions or mechanical defects.
502.7 Hydrostatic Pressure Tests
Some mixers involve pressurized lubricant
reservoirs and/or pressure in the mixing
vessel. Seals and containers may be given a
hydrostatic or all-liquid pressure test
prior to pressurization with a wvapor. If
all vapor is purged from the system prior
to pressurization, the danger of explosive
failure will be reduced since the pressure
will drop rapidiy if the seal or container
should fail.
502.8 System Test in Air
Prior to operation of the mixer with process
fluid the system may be given a mechanical
running test in air or water to verify
mechanical soundness and freedom from vibra-
tion. The water test may also be used to
verify proper motor loading. See next
Section for water test..
Caution: not all mixers are designed to
operate in air. Check with manufacturer
before running a test in an empty vessel.
Possible problems include:
502.8.1 Agitator shaft may be unstable
in air,
502.8.2 Variable speed clutch may re-
quire a load in order to operate proper-
Iyv.
502.8.3 Submerged steady bearing may
require fluid in vessel for lubrication.
502.8.4 Submerged mechanical seals may
require fluid in vessel for lubrication.
This is common for side-entry mixers with
single mechanical seals.
502.8.5 All mixer system components
should be operated, including:
502.8.5.1 Gearbox lubrication pumps.
502.8.5.2 Coolers.
502.8.5.3 Seal lubricator.
502.8.5.4 Steady bearing lubricator.
502.8.5.5 An air running test would
normally be of short duration,
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5 minutes to 30 minutes, to perform
preliminary checks on: vibration,
noise, runout, speed and direction.
502.9 System Water Test
Caution: not all mixers are designed to
operate in water. Check with manufacturer
before running a test in water.

502.9.1 Possible problems include:
502.9.1.1 Water may be an unsuitable
lubricant for a submerged steady
bearing or submerged mechanical seal.
502.9.1.2 The mixer may be designed
to operate in a fluid that draws less
power than water, and would overload
the motor in water.
502.9.1.3 The materials of construc~-
tion may not be corrosion-resistant to
water.
502.9.1.4 Agitators designed to
operate in high viscosity liquids may
splash and vibrate excessively in
water.

502.9.2 Typical water tests include:
502.9.2.1 All mixer system components
should be operated as listed in
Sec. 502.8.5.
502.9.2.2 A water batch test would
usually be run for four or more hours,
allowing equipment temperatures to
stabilize and to perform tests on the
following: motor power, agitator
speed, direction of rotation, runout,
gear tooth contact patterns, seal
leakage, auxiliary equipment, vibra-
tion, noise, and temperature, as
described in the next seclions of this
testing procedure.

503.0 Operating Performance Tests
The liquid surface location should be checked.

Many mixers are not designed to operate with
the surface near or just above the level of the

impeller. Refer to the mixer instruction
manual .
503.1 Speed

Measure within 1% accuracy and record.

Check direction of rotation.

503.2 Power
503.2.1 Start-Up
Power draw during the start-up period is
often greater than during steady-state
operation. Extra power is required to
accelerate the fluid to establish hydrau-
lic equilibrium. In the case of solids
suspension, it is conceivable that the
impeller could be surrounded by compacted
solids. In this case the start-up power
could be several times greater than the
steady-state operating power, and could
cause shaft or gear failures under ex-
treme circumstances.
503.2.2 Steady State
In long~-term operations, the power draw
of the mixing impeller has a mean and a
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variable component. The closed vessel
and the unsteady nature of the flow
reflected back into the impeller zone,
causes a fluctuating component of im-
peller torque. For fast response in-
strumentation, the variable component of
the power draw could range from 10% to
20% of the mean.,
The actual magnitude would be a function
of installation geometry and power inten-
sity of the mixer. These variations
might not be observed for the slow re-
sponse of highly damped sensors or in-
struments.
503.2.3 Free Surface
During draw-off, or operation where the
impeller is very near the free surface,
the relative magnitude of the fluctuating
to the mean components of power increases
quite dramatically.
503.2.4 Process Factors
Mixer mean power or power variations can
be affected by process related factors.
Such factors might include: inlet and
outlet flows, recirculation flows, equip-
ment proximity, pressure, temperature,
gas usage, liquid viscosity changes, etc.
503.2.5 Variable Process Conditions
Consider effects of changing liquid
level, viscosity, speed, flow rates and
other process conditions. Include power
failures, coagulating batches, viscosi-
ties that change with time, phase chan-
ges, and other possible variable condi-
tions.
503.3 Torgue
All of the factors noted in the previous
section on Power apply equally to torque.
Additionally, torque variastions may also
result in speed fluctuations, so speed
measurement should be an integral part of
torque measurements if the results are to
be converted to power results.

504.0 Mechanical Condition Tests
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504.1 Alignment and Adjustments
The procedure of measuring alignments should
be obtained from the mixer or component
manufacturer.
504.2 Runout
Typical static shaft runout at unsupported
locations along the shaft should be less
than 0.030 inches runout/foot (2.5 mm/m) of
shaft 1length from the primary support.
Allowable runout at seals and steady bear-
ings depends on the type of seal, size of
shaft, and operational speed. Typically,
such limitations reflect maximum deflections
for the peripheral speeds between rotating
and non-rotating parts.
504.2.1 Shaft runout may be measured
while the agitator shaft is hand-turned.
504.2.2 A measurement may be made of
shaft movement normal to its axis.
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504,2.3 A measurement should be made at
more than one radial location, such as
every 90 degrees.
504.2.4 Runout can be measured at the
seal and at the impeller.
504.3 Gear Tooth Contact Patterns
The ygear drive manufacturer may provide in-
structions in the service manual to measure
gear tooth contact patterns. The procedure
may vary depending on gearing and gearbox
design, but a typical procedure is as fol-
lows:
504.3.1 Drain gear box oil.
504.3.2 Remove gearbox inspection piate.
504,3.3 Wipe oil from several gear
teeth.
504.3.4 Apply a thin layer of
dve to the gear teeth.
504.3.5 Replace inspection
oil.
504.3.6 Run the gear
either loaded or unloaded.

transter
plate and

drive brietly

504.3.7 Drain oil, remove inspection
plate, and record the pattern of dve
removed, which is the gear tooth contact
pattern.

504.4 Seals

A seal may be operated. at design and/or
normal pressure and temperature for a test.

If seal leakage is measured over a long
period of time, the tests may be performed
during normal operation and wuse of the
mixer.

Some seals are provided with an external
leakage test or drain port, which may be
isolated by a low pressure secondarv seal,
and this can be used to collect leakage oul
of a vessel.
Some seals are provided with an internal
catchall and drain, and this can be used to
collect leakage into the vessel.
A continuous log of seal lubricant replen-
ishment may be kept during normal operation,
which can be used to calculate seal leakage.
504.5 Auxiliary Equipment
504.5.1 Steady Bearings
Prior to installing a steady bearing, the
agitator shaft should be turned by hand
at the motor coupling. The shaft end
will usually scribe a circle when rotated
one full turn. The steady bearing hous-
ing should be installed coucentric with
the center of this circle.
504.5.2 Variable Speed Clutch
Manufacturer’s instructions should be
followed to operate a variable speed
clutch. Run through specified speed
range and measure agitator shaft speed.
Sometimes a load is required in order to
operate a variable speed device, and
tests may have to be performed with water
or process fluid in the mixing vessel.
504.5.3 Lubrication and Cooling Systems
Pressure measurements should be taken
during operation in accordance with
manufacturer’s instructions.
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Flow rate in forced pumping or thermo-
syphon systems can be difficult to mea-
© sure directly,

Direction of flow and adequacy of flow

can sometimes be deduced by measuring
inlet and outlet temperatures of the
system.
504.6 Vibration
If vibration measurements are being con-
sidered because of gear drive rocking, then
the first step is to measure the magnitude
of rocking or vibration. If the motion
exceeds the manufacturers allowable limits,
more detailed tests are required.
Vibration measurements should include basic
information on magnitude and frequencies.
The frequency ranges should be established
to highlight shaft speed, blade passage, and
other identifjable frequencies.
3504.7 Noise
Noise is a result of mechanical actions
similar to vibration being transmitted to
' the air in the form of pressure pulsations.
Procedures for the use of noise measuring
instruments may be obtained from their manu-
faclurers.
504.8 Temperature
The temperature of gear drive oil and/or
motor surtace temperature should be measured
after running at rated speed under load for
tour hours. Either water or process fluid
should be in the mixing vessel,
If the gear drive is splash lubricated or
internal pump lubricated, the sump oil tem-
perature should be measured.
If the gear drive has an external pump
and/or cooler, both drain and inlet oil
< temperatures should be measured.
Measure ambient air temperature at the same
time equipment temperature is measured.

¥5.0 Mechanical Operation Tests

:fore resorting to extensive testing, be sure
1at the equipment has been properly installed
«d that there has been no damage to the equip-
L. A complete dimensional check and static
‘nout measurements shouid be made before
oceeding. Discrepancies noted in these steps
ten lead to a solution to vibration problems.
505.1 Natural Frequency
Shatt natural frequencies are obtained with
the mixer turned off.
CAUTION: for safety, the motor power supply
should be locked out.
Some kind of disturbing force is required to
displace the shaft and then let it oscillate
at its natural frequency. Frequency mea-
surement requires some sort of displacement
transducer to detect motion and an analyzer,
such as an oscilloscope to determine fre-
Juency.
Natural frequency measurement should bLe
nade of the mixer support structure and
“.omponents in the vessel.
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505.2 Deflections of Structure
These tests are performed with the mixer
operating in process fluid. Do not operate
the unit in air or water without checking
with mixer designer/manufacturer,
505.2.1 Mixer Support Structure
Measure deflection, twist, etc.
505.2.2 Mixer Housing
Motion relative to support structure or
other stationary equipment. Check for
rocking at the mounting bolts,
505.2.3 Mixer Shaft
The mixer shaft measurements invelve
either strain or deflection. For defliec-
tion measurements runout must be measured
and subtracted, If possible, spectral
analysis of the shaft data should be
obtained.
505.2.4 Operating Modes of Vibration
Operating system vibration magnitudes and
frequencies should be measured on the
tank structure and mixer housing.

506.0 Process Condition Tests

General test criteria and duration should be
defined and frequency of data sampling estab-
lished. All data should be identified as to
source and recorded in sufficient detail. An
immediate review of the data should be carried
out and the results evaluated. Then the test
should be continued until the original plan is
completed.
506.1 Blending
Blending applies primarily to the combina-
tion miscible liquids to obtain uniform
properties or wuniform concentrations of
ingredients. Measurements are usually
applicable to batch operations, where pro-
perties become more uniform as mixing pro-
ceeds or continuous operations, where two or
more streams are mixed and withdrawn at
constant flow rates.
506.2 Heat Transfer
Heat transfer in an agitated tank is usually
accomplished by exchange between the process
fluid and some heat transfer fluid, con-
tained in a jacket at the tank wall or pipe
coils inside the tank. The exact methods of
making heat transfer measurements depend on
the test capabilities available with the
installed equipment.
506.2.1 Heat rejection or addition can
usually be measured by making a heat
balance on the heat transfer medium.
Accurate measurement of temperatures and
flows into and out of the jacket or coils
should provide an indication of heat
transfer rate, plus any ambient losses. ‘
506.2.2 If the rate of heat generation
by the vessel contents can be determined,
a further measure of the heat transfer
rate can be made, and checked against the
"external measurements. Alternatively, a
transient study can be performed to
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establish the rate of heat addition or
removal from a known quantity of material
in the tank.
506.2.3 Careful measurements of vessel
contents temperatures and heat transfer
fluid temperatures are necessary to
convert heat transfer rates to an overall
heat transfer coefficient. The coeffi-
cient may be a local or overall value
depending on the temperatures or tempera-
ture averages used.
506.2.4 Heat transfer rates at actual
operating conditions with real process
fluids are usually the most significant
and the most difficult to obtain. Heat
transfer tests with water or other inert
fluids are easier and may be useful
depending on the exact nature of the
desired results.,
506.2.5 If the mixing equipment can be
operated at different speeds, different
heat transfer rates would be expected.
The incremental change in heat transfer
will depend on the limitation due to
process-side heat transfer coefficient.
506.2.6 If the process fluids are vis-
cous, or the agitation is intense, heat
addition associated with the dissipation
of input agitation horsepower cannot be
neglected.
506.3 Immiscible Liquids Dispersion
Applications include processes where two
immiscible liquids are contacted to promote
mass transfer between phases or to create an
emulsion. The purpose of an agitator is to
make a liquid-liquid dispersion of a desired
drop size range and at a desired production
rate. Other things including process chem-
istry and upstream equipment have an effect
on the apparent operation of the agitator.
It is very important that the test differen-
tiates between the effect of the agitator
and the rest of the process.
506.3.1 Dispersion tests measure the
capability of the agitator to make drops
of the correct size. The result of such
a test could be a mass transfer coeffi-
cient or a number of theoretical mass
transfer stages.
506.3.2 Hydraulic capacity tests measure
the volumes of the phases which can be
processed. The result would be the
operating limits before entrainment
becomes significant.
506.3.3 Emulsion tests would measure
the stability of the emulsion as well as
the droplet size distribution.
506.3.4 Other factors including process
chemistry and upstream equipment have an
effect on the apparent operation of the
agitator.
506.4 Liquid-Solid Contacting
Applications include all processes where an
impeller is used to disperse a solid into a
liquid, maintain suspension, or promote mass
transfer between the phases.
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Caution:
start in settled solids or operate through
draw-off.

In these cases, test operations bevond the
design limits could overload the motor or
break mixer components.

some mixers are not designed to

506.4.1 In order to interpret results,
it usually is necessary to characterize
the solids as well as the slurry. Mea-
surements of particle size distribution,
material density, and settling rates
should be considered. The bulk slurry
density is another important measurement.
Slurry properties are important ftor mixer
power evaluation since power draw in-
creases in proportion to slurry density.
506.4.2 For continuous flow processes,
the tests must monitor slurry densities
of the incoming and exiting process
streams. Solids accumulation or deple-
tion could grossly change the slurry
density in the vessel being tested. Such
a change in density would affect mixer
power and other process results.
506.4.3 Process tests could include
solids suspension capability, mass trans-
fer, material wetting characteristics,
and changes in particle size.
506.5 Liquid-Gas Contacting
Applications include all processes where the
mixer promotes contact between a liquid and
gas. These processes may include the pre-
sence of solids also. In the latter case,
the section on 1liquid-solid contacting
should also be reviewed for applicability.
Some mixers are designed with gas rate
limitations. Operation at reduced gas rate
could overload the unit. For other units,
operation above a prescribed gas rate could
cause large fluid forces with the attendant
increases in shaft deflections. The opera-
ting limit must be determined and observed.
506.5.1 The term "flooding" 1is often
used to identify a condition where too
much gas is supplied. No single defini-
tion of "flooding" exists. The defini-
tion depends on the type of impeller and
the application. If a process criteria
uses this word, further description is
.required to be sure that all parties
understand what is meant.
506.5.2 In order to interpret results it
is often necessary to measure gas rate,
gas hold-up, interfacial tension, and
other liquid phase and gas phase proper-
ties including density, viscosity, tem-
peratures, pressures, etc. In some
processes gas evolution is used for batch
temperature control. Independent proce-
dures might be required to calculate or
measure the rate of evolution.
506.5.3 Gas rate can have a significant
impact on mixer power. It is sometimes
desirable to measure ungassed and gassed
power. This ratio is often referred to
as the gassed power factor.
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506.5.4 Process tests could include gas result might be questioned later, a notation

dispersion capabilities, flooding, gas should be made. Readings which fluctuate
hold-up, mass transfer, etc. Mass trans- during a test may be recorded as an average,
fer testing techniques have been Jevel- possibly along with a minimum and maximum. If
oped for steady state and unsteady state the variation is significant or an accurate
processes. If processes cannot be run average is required, some sort of monitoring
under process conditions, air-water tests and averaging téchniques may be considered.
might be applicable. 601.1. Dimensional Measurements
506.6 Liquid-Gas-Solid Tests ] All dimensional measurements (Section 502.3)
Solids in the form of low viscosity suspen- should be verified and recorded. Simple
sions or slurries should have a minimal differences between actual and design im-
effect on gas dispersion. Therefore, typi- peller diameter can account for major pro-
cal gas dispersion tests for flooding and cess and mechanical failures.
bubble size should be possible even with 601.2. Operating Conditions
solids present. Pressure temperature, liquid level(s), feed
The presence of gas will almost always and discharge rates, and output shaft speed
adversely affect the ability of an agitator should be recorded, along with any special
to suspend solids. A suspension level test variable measurements.
should be conducted at maximum gas rate. 601.3. Process Properties
Although multiphase tests are extremely Fluid properties, such as density and vis-
complicated, and no general procedures cosity should always be determined and
specific to this situation are offered. recorded. Other properties such as solids
Most tests for simpler systems may be ap~ size and density, gas flow rates, and ther-
plicable, and some combination of these mal properties may also be determined depen-
tests may be appropriate for a given condi- ding on the type of test being performed.
tion.
506.7 Other Tests
If tests in the full scale process equip- 602.0 Fundamental! Calculations
ment are impractical, or do not reveal the T
cause of problems or possible methods for Certain fundamental calculations are recom- °
solution, small scale modeling tests may be mended to help evaluate operational performance -
the next best approach. Although small for most mixing systems. The following list of !
scale modeling, scale-up, and scale-down are relationships is not comprehensive, but should .
bevond the scope of this procedure, the suffice for many, K situations. Other relation-"
methods must be considered as an alterna- ships with more specific meaning are presentedff
tive. where appropriate. -
In many cases, pilot or laboratory scale
mixing equipment may be available. Tests 602.1. Reynolds Number
performed in transparent tanks with variable
speed agitators can provide enormous insight Npe = _D2 N p
into many mixing and agitation problems with 1]

relatively simple equipment.
Many of the same tests described in this
procedure can be applied to pilot plant

D = impeller diameter

N
equipment with greater ease, less cost, and P

M

1

rotational speed
fluid density

better control. Changes to the equipment viscosity

can be tried in less time and at less cost

than with larger equipment. 602.1. English units
Properly interpreted and scaled-up, the

results of small scale testing can be of Npe = 10.7 D2 N (S.G.)
enormous benefit. Any test program for T
impeller mixing equipment should consider

small scale testing as a possible alter- D [inches]

native to large process tests. N [rev/min]

S.G. = specific gravity
p {centipoise]

300.0 COMPUTATIONS OF RESULTS 602.1.2., SI metric units
Nre = _0.159 D2 N p
01.0 Data Requirements p
1l relevant dimensions, operating conditions D [m]
nd results should be recorded, indicating the » N ([radians/s}
" ppropriate units of measure. If the accuracy p [kg/m3}
r measurement technique associated with a u [Pa s]
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602.1.3. typical values:

Laminar Mixing: Nre ¢ 5

602.2. Power Number

impeller power
density
rotational speed
impeller diameter

o=Zo
naanu

602.2.1. English units

i et

Np = _1.52x1013 P
S.G. N3 D5

P {horsepower]

S.G. = specific gravity
N {rev/min}
D [inches]

602.2.2. SI metric units

P {kW]

. p [kg/m3)
N {rad/s]
D [m}

peller type):

Low: 0.1 < Np < 0.5
high efficiency impellers, etc.

Middle: 0.5 < Np < 3.0
turbines, simple paddles, etc.

High: 3.0 < Np < 7.0

for radial flow impellers:

602.3. Torque

; T = P/ (znuN)
1 1 = torque
i P = power

N = rotational speed

602.3.1. English units

[y

T

1

63,025 P / N

t [inch-pounds]}
P [horsepower]
N [rev/min]

TRy

F ey gn

Turbulent Mixing: Npe > 20,000
Transition: 5 < Npe < 20,000

602.2.3. typical values (depend on im-
for axial flow impellers: propellers,

for mixed Flow impellers: pitched-blade

: blade turbines, disk-style turbines, etc.

602.3.2. SI metric units

T = 1,000P /N

v [N.-m]}
P [kW]
N {rad/s]}

602.4. Agitator Speed

N = Np,
t

Nr = number of shaft revolutions
= time interval in which shaft
revolutions are counted

602.4.1. English units

N = Np_

N {revolutions/minute]
Ng [dimensionless]
t {minutes)

602.4.2. SI metric units

N o= 2 n N

N frad/s)
Ng [dimensionless])
t [seconds]

603.0 Operating Performance Calculations

Perhaps the simplest performance evaluation is
motor loading. Electrical measurements can be
compared directly with the manufacturer’s
performance curves. A typical motor perfor-
mance curve is shown in Fig. 805.4, and a
sample calculation performed in Sec. 805.1.5.
Similarlv, actual performance data can be
obtained with a watt meter and interpreted.
603.1. Power
Simple calculations convert voltage and
amperage to input electrical power. This
information, in combination with motor
performance curves or experimentally mea-
sured power factors can determine a motor
loading, or the fraction of available motor
power being delivered to the mechanical
equipment.
Mixer power can be related to power and/or
torque plus speed measurements by factoring
the efficiencies of all the interceding
components. Tvpical components include:
electric motor, gear drive, couplings, belts
and pulleys, torque limiters/clutches, shaft
seals, bearings and shaft supporting devi-
ces, and etc.
Since power 1is a magnitude parameter,
strongly related to the size of the equip-
ment involved, power relative to the amount
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of process fluid is more relevant on a
general basis.,

603.1.1. Power per Unit Volume

P = _Pa Llf Em_
Vv

v
Pa = motor power rating
L¢ = motor loading, fraction
Ea = mechanical efficiency of
couplings, gearbox and
seal, fraction
V=

fluid volume

603.1.1.1. English units
P = 1,000 Py Lg En_
\Y \

P/V [horsepower/1,000 gallons]
Pa [horsepower)

Le¢ [fraction}

Em [fraction]

V [gallons}

603.1.1.2. SI metric units

P = Py Llf Eg_
v \Y

P/V [kW/m3]

Pa [kW]

Lt [fraction}
Ea [fraction]
V [m3]

603.1.1.3. +tvpical magnitudes (Eng-
lish units - hp/1,000 gal) for process
applications in low viscosity liquids.
Higher wvalues in high viscosity 1li-
quids, lower values in large storage
tanks and basins.

Low: 0.1 < P/V < 0.5
Middle: 0.5 < P/V < 3.0
High: 3.0 < P/V < 15.0

The mixer speed can be measured directly or
calculated based on motor speed and drive
reduction, provided the exact gear ratio is
known or measured. Standard motor curves
give slip versus motor load, to predict
actual motor speed. The standard gear drive
speed ratio values based on the AGMA rating
procedure will be within 2-4% of the true
ratic. Some mixer manufacturers use exact
ratios, or the ratio may be determined by
counting input and output shaft revolutions,
or knowing numbers of gear teeth.

A complete analysis of mixer power draw is
more complex. The equipment designer should
have historic data to predict the impeller
power draw for standard conditions. There
are also manv references (including Ref.
808.9.2, 808.10, 808.11 and 808.13.3) in the
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literature with power draw data for mixing
impellers. Non-standard process factors and
non-standard installation geometry factors
must also be considered.

Typical geometry factors likely to influence
power requirements include: impeller prox-
imity to surface, bottom, side walls or any
nearby obstruction, unusual tank shape or
baffle arrangement and etc. 1In all cases,
geometric “variables should be accurately
measured for future evaluation.

603.2. Torque

From agitator speed and impeller power the
torque applied to the process can ‘be deter-
mined. For most blending applications,
torque per volume is considered to be a
better indication of agitation intensity
than the corresponding power per volume
information.

603.2.1., Torque per Unit Volume

T = _Pp L En_
NV

Py motor power rating

L¢ motor loading {fraction]

Em mechanical efficiency of
couplings, gearbox and seal,
[fraction}

N rotational speed
V fluid volume

603.2.1.1. Fnglish units

1)

1 63,205 Py Lt En_
v NV

1/V [inch-pounds/gallon}
Pn [horsepower]
L¢ [fraction]
En [fraction]
N [rev/min}
V [gallons]

603.2.1.2. SI metric units

1. = _1,000 Py Lf En_
NV

1/V [N m/m3]
Pp [kW]
L¢ [fraction]
En {[fraction}
N {rad/s]
V {m3]

603.2.1.3. typical magnitudes (Eng-
lish units - inch-pounds/gallon) for
low viscosity fluids, higher wvalues
for high viscosity.

Low: 0.05 ¢ /v < 0.2
Middle: 0.2 ¢ /v < 1.5
Hight 1.5 ¢ /v <10
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603.2.2. Torque per Specific Volume

(/v = (V)
5.G.

v
S.G.

specific volume
specific gravity

604.0 Mechanical Condition Calculations

Most alignment, adjustment and vibration mea-

surements are basically comparative.
calculations may be

Specific

required to interpret

certain results, but general calculation proce-
dures do not exist.

605.0 Mechanical Operation Calculations
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605.1. Natural Frequency

The natural frequency of an impeller shaft
depends on shaft length, impeller weight,
bearing spacing and material properties.

We

Ly N
Wl

le
I

X

&

ole-
i

Ie—— Ly

Fig. 605.1 Shaft for Natural Frequency

The equation for natural frequency (critical
speed) of a constant diameter cantilevered
beam can be written as follows for English
units:

Natural Frequency

Ne = 37.8 d2 _y(Ey’pm)_ __
L We (L + Lp)

d = shaft diameter, [inches]
Ey = modulus of elasticity, [psi]
pm = metal density, [lby/in3]
L = shaft length, {inches]
Lp = bearing spacing, [inches]
We = equivalent weight (at end of shaft
of length, L), {[lbg]
We = W3 (Lij/L)3 + wg L/4
Li = impeller location (down shaft),
[inches]
Wi = impeller weight, [lbg]
ws = shaft unit weight, [lby/in]
Conventional calculations reflect only

static analysis of the shaft. Such calcula-
tions are adequate for most mixing equip-
ment. Equipment with large, high speed
shafts may require dynamic analysis.

For more complex shafts or ones with addi-
tional bearing supports, contact the mixer
designer/manufacturer.

605.2. Deflection

There are two principal forces which con-
tribute to shaft deflection. Fluid forces
are the result of unsteady hydraulic flow in
the region of the impeller. The second is
centrifugal forces due to the combined
effect of shaft runout and mechanical im-
balance.

Fluid force data are not readily available.
Each impeller has a characteristic force
number (in similar fashion to power and flow
pumbers). The mixer designer/manufacturer
should be contacted for standard fluid force
numbers. Process (503.2.4) and geometry
(603.0) factors act as multipliers to in-
crease these forces for non-standard instal-
tations. .
The centrifugal forces can be readily calcu-
lated by measuring runout and estimating
mechanical imbalance.

A simple beam analysis will give
deflection versus
impellers(s).

shaft
forces applied at the -

606.0 Process Condition Calculations

606.1. Blending

A first step in determining blending results
is complete documentation of the test condi-
tions, the measurement ‘locations, and the
sensing or sampling equipment used. Obser-
vation of blend time may be highly dependant
on minor factors, especially those related
to the measurement location or method of
initiating the blend test. Times may be
unnecessarily extended by poorly agitated
locations on the liquid surface or in exit
nozzles.

True uniformity is difficult to measure
since it 1is dependent on both time and
location. However, use of a pH or ion
electrode may work to detect the final
concentration resulting from a pulse addi-
tion. Other sampling techniques may work in
large vessels, where blend times are rela-
tively long.

Typical blend time results might be obtained
by measuring the time required for unifor-
mity in five to ten repeated tests. Variab-
ility between runs is typically at least ten
percent because of the random nature of
mixing. An average time may be combined
with the impeller rotational speed to es-
tablish a dimensionless number, especially
if scale-up is involved.

606.1.1. Dimensionless Blend Time
Ne = 6p N
By = blend time
N = rotational speed
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Caution must be exercised in the use of a
dimensionless quantity obtained by this
means, since it assumes that at least geo-
metric similarity is retained in any other
situation. Important factors, such as im-
peller to tank diameter ratio, must be the
the same for other conditions.
606.2. Heat Transfer
Specify all properties, geometry, and opera-
ting conditions and use the results in
computations as needed. The most essential
v properties are specific heat, specific
gravity, thermal conductivity and viscosity
at specified temperatures and compositions.
Additional test may be needed if actual
conditions differed from design conditions.
606.3. Immiscible Liquid Dispersion
Liquid dispersion mechanisms are complex
since two ligquids are involved, and both
agitation intensity and relatively fluid
properties influence results. Fluid proper-
ties which influence process results include
density, wviscosity, and surface tension.
The dispersion of two liquids is also in-
luenced by which phase is continuous and
which is dispersed.
In spite of the Fluid complexities, the tip
speed of a given impeller seems to have a
pronounced effect on the final drop size.
Although no simple rules exist for drop
size, determination of impeller tip speed is
probably a good operational wvariable to
record in conjunction with dispersion.

606.3.1. Impeller Tip Speed

Vts = nND
N = rotational speed
D = impeller diameter

606.3.1.1. English units
vie = 0.2618 N D
vis [ft/min]
N [rev/min]
D [inches]
606.3.1.2. SI metric units
vis = 0.5ND
ves [m/s]
N [rad/s]
D [m]

606.3.1.3. typical magnitudes (Eng-
lish units - ft/min)

Low: 200 ¢ wvgg < 500
Middle: 500 < veg < 900
High: 900 < wvpg < 2000

Material balances are also important in
liquid dispersion. To determine the
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equipment performance and the adequacy of -

procedures, select data from known periods
of steady operation. Steady state can be
determined from charts of flow rates, valve
positions, and decanter levels. The balan-
ces should be calculated on as many of the
stream species as possible. The balances
can be checked by comparing predicted read-
ings with the actual measurements.
Entrainment of one phase into the other is a
common cause and/or result of poor hydraulic
performance. The important data include the
flow rates and the measurement of one phase
contained in the discharge stream of the
other phase.

606.4. Liquid-Solid Contacting

Material balances are important to determine
the equipment performance. The balances can
be used to determine the approach to steady
state to see if significant particle clas-
sification is occurring. Select the data
from known periods of steady inflow and
outflow. These periods can be determined
from flowmeter readings, level readings, and
valve positions. The balances should be
calculated on both the overall quantity of
material and on the individual particle size
ranges.

Mixer capacity should be measured by means
of material balances. The data should be
selected from periods of steady operation.
This means not only steady in-flows and out-
flows but also no accumulation. The capa-
city can be affected by upstream process
conditions. The process materials should be
that used for the actual operalions.

606.5. Liquid-Gas Contacting

The gas hold-up should be measured during
steady state operation. Select data from
steady periods of operation. The hold-up is
calculated by the difference in apparent
liquid volume between ungassed and gassed
periods of operation, Mass transfer mea-
surements can be made during steady opera-
tion or by a transient technique. For the
steady state operation tests, select data
from periods of well-established steady
operation. For transient tests, duplicate
runs should be selected as a check for the
reproducibility of the data.

606.6. Other Tests

Other calculations may be required for other
tests, such as interpretation of concentra-
tion results as rates of reaction.

700.0 INTERPRETATION OF RESULTS

701.0 .Introduction

The test results should be interpreted and
evaluated for the: specific objective of the
test as well as the degree of accuracy re-
quired.
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702.0 Interpretation of Operating Performance

702.1 Speed

The measured speed should be compared with
the predicted value. The difference should
be within the error of measurement. Im-
peller power is strongly dependent upon
speed. The table below shows how the errors
in predicting speed affects the prediction
for power.

Power Error

Speed Laminar Turbulent
Error (NRe < 20) (NRe > 10,000)
5% 10% 16%
10% 21% 33%

702.2 Power

The measured power should be within approxi-
mately 8% of the calculated value for normal
conditions.

Greater variations are usually the result of
complicating process factors or installation
geometry factors. 1In some cases a process
upset results in significantly higher mixer
loads. The unit design is generally based
on the worst case condition. Under normal
conditions the mixer power draw may be much
lower than the capability of the motor and
drive.

702.3 Torque

The product of torque and speed (See Sec.
602.3) should be within 10% of the predicted
power. Greater variations are usually the
result of complicating process factors or
installation geometry factors.

In some cases a process upset results in
significantly higher mixer loads. The unit
design is generally based on the worst case
condition. Under normal conditions the
mixer power draw may be much lower than the
capability of the motor and drive.

703.0 Interpretation of Mechanical Conditions
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703.1 Alignment and Adjustments
Adjustments should be made until all mechan-
ical equipment is mounted and aligned to
within specifications of the manufacturer.
Any deviations which cannot be corrected
should be brought to the attention of the
manufacturer and resolved.
703.2 Runout -
Runout measurements should be compared to
manufacturer or purchase specifications.
Any deviations which cannot be corrected
should be brought to the attention of the
manufacturer and resolved.
703.2.1 Total indicated runout at a seal
is commonly limited to 5 to 30 milis
(125 to 750 microns), depending on seal
type and operating speed.

c e R R By
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703.2.2 Total indicated runout at the
end of a shaft is commonly limited to
30 mils per foot of shaft (2.5 mm per
meter of shaft length).
703.3 Gear Tooth Contact Patterns
The gear tooth contact pattern may be com-
pared with the gear drive standards of the
manufacturer. If percent contact is exces-
sively low the gear drive may require ad-
justment or replacement of parts as needed.
703.3.1 The percent contact rarely
exceeds B0-90% under the best conditions.
A gear drive may be designed to operate
at lower than 80% contact.
703.3.2 For an interpretation of gear
tooth contact pattern see: AGMA 390.03,
Section 9, pages 96-99.
703.4 Seals
703.4.1 Separately Mounted Seals
Compare concentricity and squareness of
seal to manufacturer’s standards.
703.4.2 Packing Seals
Compare leakage rates to specifications.
703.4.3 Mechanical Seals
Compare leakage rates and temperature to
specifications.
Seal designs differ, but leakage rate of
lubricant can be expected to be about one
drop per minute per inch of shaft diame-
ter per 100 psi pressure difterential
(41 oL per day per 100 mm of shaft diame-
ter per 100 kPa pressure differential).
703.5 Auxiliary Equipment
Measurements should be compared with speci-
fications.
703.6 Vibration
703.6.1 Displacement measurements may be
compared to AGMA 300.0%, Figure 1,
type A.
703.6.2 Velocity measurements may be
compared to AGMA 300.0!, Figure 2,
type A.
703.6.3 Acceleration measurements may be
compared to AGMA 300.01, Figure 3,
type A.
703.7 Noise
703.7.1 Sound pressure level measure-
ments can be compared to motor and gear-
box manufacturer’s specifications.
703.7.2 A typical maximum sound level is
shown for enclosed gear drives in
AGMA 297.02, Figure 2.
703.7.3 Measurements can be compared to
the O0.S.H.A. and Walsh-Healey Public
Contracts Act, 50-204.10. Sound level is
currently limited to 90 dBA for 8 hours
exposure per day without protection.
703.7.4 Octave band measurements of
excessive or unusual noise can be inter-
preted in terms of possible causes.
Noise can be reduced either by dealing
directly with the causes or by shielding
the mixer drive.
703.8 Temperature
703.8.1 Gear drive oil temperature and
motor surface temperature should be
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compared to specitications ot the manu-
facturer.
703.8.2 Gear drive thermal ratings are
based on & maximum sump temperature rise
of 100°F (55°C) above ambient, and sump
temperature not to exceed 200°F (93°C)
per AGMA 420.04, Section 6.2.
703.9 Nater Power and Corrections
Power measurements taken with water in the
vessel can be translated to expected process
power draw by making a correction for pro-
cess fluid specific gravity provided the
impeller Reynolds number (See Sec. 602.1)
indicate turbulent conditions.  For vis-
cosities resulting in transitional or lami-
nar conditions, a complete power number
curve is necessary to estimate actual power
requirgments.

704.0 Interpretation of Mechanical Operation

The support structure should be relatively
igid. Significant motion of this structure
sould be due to insufficient design rigidity
forr Lthe mixer loads or dynamic interaction due
to the frequency of the loads. If there is
significant motion, the structure must be
. -einforced and the mixer rechecked for shaft
leflection.
elative motion between the mixer and support
tructure could be the result of insufficient
bolt down forces.
sssuming that the support structure is rigid
ind there is no relative motion between the
irive structure and support, measure the shaft
aflections. Compare these measurements with
—ne manufacturers design values. 1f shaft
ieflections exceed the values, there are sever-
1] possible causes:
704.1 Natural Frequency Vibrations
The calculated value for shaft natural
frequency should be within 5-10% of the
measured value. A discrepancy greater than
this will require a determination of the
cause.
The measured natural frequency should be a
sharp peaked response on the signal versus
frequency plot. A broad band frequency
response indicates improper mounting hard-
ware tension or flexible support structure.
A direct comparison of measured system
natural! frequency to operating speeds is the
most direct way of determining structural
resonance problems. If the ratio of operat-
ing vibration frequency to system natural
trequency (harmonic ratio) is in the range
of 0.8 to 1.20, then structural resonance
problems are likely. Good design practice
dictates this ratio should be, at least,
less than 0.8. Lower operating speeds may
be advisable in cases where additional
loads, such as those caused by impeller
operation at the liquid level, are likely to
be encountered.
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tor large equipment, over-crilical opera-
tions (ratio greater than 1.0) can create
unstable speed ranges and should be used
only after detailed analysis and testing.
Many small or portable mixers operate above
first critical.

Blade passage frequency can be a factor for
geometries involving asymmetries in the flow
field.

No. of Blades Harmonic Ratio

2 .
3 0.33
4 ,

The principle operating harmonics are shaft
speed and blade passage frequency. Other
harmonics could be generated by baffle
interactions, sparge flows, gas, etc. The
solution scheme will depend on the magnitude
of the harmonic ratio. For harmonic ratios
between 0.8 and 1.0 the solution would
likely include stiffening the structure or
lowering the operating speed. For harmonic
ratios between 1.0 and 1.2, the solution
above could make the problem worse. It is
essential that the changes reduce the har-
monic ratio to a value less than 0.8.

704.2 Deflection

Compare the calculated shaft deflection with
the measured values. If the sum of fluid
forces and centrifugal forces (runout/-
imbalance) give. a calculated deflection
within 30% of the observed value, then these
forces are the likely primary cause. If
large forces are the cause, then the solu~
tion is either to stiffen the shaft or
reduce the forces.

Fluid forces are proportional to shaft speed
squared and diameter to the fourth power.
Changing either would significantly alter
the magnitude of fluid forces.

Additionally, if geometry or process factors
are causing abnormally large forces, these
factors may be changed to reduce the forces.

705.0 Interpretation of Process Conditions

705.1 Blending

For batch mixing, a summary of properties
versus mixing time can be used to see when
all points lie within the range of desired
uniformity. For continuous mixing, a sum-
mary of properties for each sample taken can
be used to see if all points are within a
desired range. Both average values and
standard deviations of values can be used to
evaluate batch and continuous blending test
results, and may be used to estimate the
frequency of data required for the remainder
of a test. Interpretation of results should
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begin at the start of a test and continue

throughout the test.
Although blend time results indicate that
the time required for uniformity is inverse-
ly proportional to rotational speed for a
given tank, a speed change is rarely a
practical solution for improved blending.
Typical increments in speed for fixed ratio
gear reducers are about twenty percent. A
twenty percent increase in speed results in
more than a seventy percent increase in
required power. Adjusting the process to
the available blend time is often Lhe only
practical approach, although batch size and
method of ingredient addition may help
control the effects of blending.
705.2 Heat Transfer
Log-mean temperature differences, actual
heat transfer area and total heat trans-
ferred are essential to calculate an over-
all coefficient for coils and jackets.
Compare the calculated over-all coefficient
with the design or operating coefficient.
Fouling may cloud results and efforts should
be made to avoid fouling by proper cleaning.
Corrections for different operating condi-
tions, heat losses and heat gains should be
made. Correlations related to the Nusselt
number are usually available in references
on agitation.
705.3 Immiscible-Liquid Contacting
The capacity of a system is the combination
of the hydraulic capacity and the mass
transfer rates.
705.3.1 The hydraulic capacity is usual-
"1y determined by either entrainment or
flooding.
705.3.2 The mass transfer capacity is
determined by the residence time, inter-
facial area, and interfacial chemistry.
The mixer design primarily affects the
residence time and interfacial area.
705.3.3 Corrections to other conditions
must be done with caution since the new
conditions may change the interfacial
chemistry. If the chemistry will not be
affected, the adjustments based on volume
handling capabilities, power input, and
number of theoretical stages are ade-
quate.
705.3.4 The sources of error for both
types of testing include flowmeter read-
ings, sampling error, and chemical analy-
sis error. All these will give material
balance errors.
705.3.5 The results of these tests are
only valid for the range of the operating
conditions studied. If changes in per-
formance occur, then both the current
operating conditions and the system
chemistry must be examined in order to
find the cause.
705.3.6 Liquid-liquid contacting results
are very hard to generalize. Any test
of process equipment should include
consultation with the equipment vendor,

the contractor designer,
chemistry experts.
705.3.7 Frequent causes of poor perfor-
mance include poor dispersion. poor mass
transfer rates, and poor phase separa-
tion. )
705.3.7.1 Poor dispersion is related
to inadequate hydraulic performance.
Contactor flooding and low power draw
are indicators of this problem.
705.3.7.2 Poor mass transfer and poor
separation indicate a change in the
interfacial chemistry of the svstem.
Changes in feed stream impurit, con-
centration indicate potential problems
in this area.
705.4 Liquid-Solid Contacting
The capacity of a system is determined by
the ability of the mixer to achieve the
desired degree of solids uniformity. Once
this is achieved, system chemistry becomes
the limiting factor. '
705.4.1 The solid suspension results can
usually be extrapolated to other condi-
tions using equations, correlations or
scale~up.
705.4.2 The mass transfer results can
usually be extrapolated to other condi-
tions provided the state of the suspen-
sion will remain constant.
705.4.3 A conservative estimate of the
preferred new operating conditions can be -
made on the basis of equal power per unit
volume.
705.4.4 The sources of error for both
solid suspension and mass transfer are
related to material balance error. A
likely source of error is the sampling
method.
705.4.5 Liquid-solid results are hard to
generalize and extrapolate from one
chemical system to another. Any attemp!
to extrapolate the results ot these tests
should involve consultation with the
equipment vendor, designer, and recog-
nized experts in the field.
705.4.6 A frequent cause of poor pertor-
mance is poor off-bottom suspension of
solids.
705.4.6.1 Possible methods to correct
of f~bottom suspension problems include
higher shaft speed, larger impeller
blade, reduced solid concentration,
and smaller particle size.
705.4.6.2 Once the performance is
adequate, further changes in any of
the variables listed above will usual-
ly give a minor improvement to the
performance.
705.4.7 Another commen source of prob-
lems with particulate solids, is the
wetting of dry materials.
705.4.7.1 Dry materials dumped on the
surface of the liquid in an agitated
tank my not wet well enough to be
drawn into the batch.
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705.4.7.2 Changes in methods of add-
ing materials may correct the problenm.
- 705.4.7.3 Partial removal of baffles
(at the top of the tank) or increased
agitation intensity may me necessary.
705.5 Liquid-Gas Contacting :
The power results are usually reported as
‘the ratio of the gassed to the ungassed
power. The gas hold-up is reported as a
function of the shaft power and the physi-
cal properties of the system. The mass
transfer coefficient usually is reported as
the combined coefficient-area term. The
coefficient-area term is a function of the
power and the physical properties of the
system. Results should be extrapolated to
other conditions with caution.
705.5.1
in the powe:* measurements, in the sam-
ples for mass transfer measurements, and
in knowing exactly what the level in-
strument reading means.
705.5.2 A common reason for poor opera-
tion is poor gas dispersion. This is
normally corrected by ‘increasing the
power input to the system by means of
either higher shaft speed or a larger
impeller.
705.6 Other Tests
Interpretation of other tests must be based
on the purpose of the test. It is important
to review such results with appropriate
experts in the field.

6.0 Sources of Error

most common sources of errors in mixer
7sts are in the differences between the actual
yd the desired measurements. For instance, in
-ocess tests it is important to know how much
wer is being input into the fluid. Almost
i1 methods for power measurement require some
itimates for losses between the point of
.asurement and the process fluid. Similarly,
knowledge about the uniformity of batch
mposition is desired, most available measure-
nt techniques are indirect, such as monitor-
1g exit composition.
Iditional problems arise when calculations
st be performed after the test data are
llected or samples must be analyzed in the
boratory. A torque measurement, which will
post certainly fluctuate, must be computa-
onally combin