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Viscous Properties of a Straw Slurry

Background. Biomass slurries are difficult to handle, pardely when
the solids content size are so large. This is fipalty due to the fibrous
nature of the particles. Biomass particle fibergidglly manifest
significant yield stresses during shear. If biomébsrs are small, the
slurry behaves as a homogenous material and taditmethods can be

employed to measure the viscous behavig
of the biomass slurries. However, at so
particle size the material behaves more like
bulk solid wth fluid surrounding the mas:
In this Fiber Focus Newsletter, we willg
explore conditions under which biomas#
slurry can be treated as a typical no

Newtonian fluid, and when the material mug#

be treated as a two-phase system with bulk Fromrawcut wheat srawtoa
prepared wheat straw slurry

solid surrounded by fluid.

The Experiment. Viscosity tests for straw
biomass material were carried out using
rotational DV-E-HB Brookfield shear device
with a specially designed vane spindle t
accommodate hot liquid. Measurements we
made by heating liquid and placing straw i
the warm liquid at a 5% solids mixture. Th¢
straw was held in the heated liquid bath for
minutes before beginning the test. Th
temperature was maintained constant’G)1
during the course of the experiment. Ph val
was measured prior to heating the liquid, anc
was found to be 1.5 Ph. The raw data give

Figure 2. Vane - e g h -
viscometer used in - non-Newtonian fluid in which the strain experiendsd

experimental tests

Fé'gure 1. Viscosity of a straw slurry

rise to the apparent viscosity and the shear torqulas
shear torque can be converted to a shear stress.

Figures 3 and 4 summarize the data acquired fram th

vane shear cell.lt is evident from these figures that the
material tends to a constant shear stress conditidow
rotational speeds. This implies that straw biontess a
yield strength value somewhere close to 400 Pa.theo
purpose of this experiment, we assume that strawies
can be approximated by a Hershel-Bulkley fluid. eTh
Herschel-Bulkley fluid is a generalized model of a

(Continued on page 2)
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At a Glance: Influence of
Gas Pressure Effects on
the Development of Mass
Flow or Funnel Flow in
Process Equipment

The ability of a given piece of
process equipment to achieve
flow along the walls when any
material is discharged is an
important behavior called mass
flow. In its most simplistic form,
achieving mass flow depends on
the wall friction angle and the
process geometry as well as the
effective angle of internal frictior
However, when additional body
forces are added, they modify
the ability of materials to flow at
the walls. Gas pressure gradients
can help or hurt this ability,
depending on the direction in
which they act. Stress gradients
can induce flow along the walls
where current theory suggests
material will not flow. The goal
is to achieve a steady, predictable
movement of material through the
process equipment. The best way
to achieve this is by ensuring mass
flow in the bin or hopper.

It should be pointed out that
ratholes cannot form in bins that
induce flow at the hopper walls

(Continued on page 4)
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the fluid is related to the stress in a non-lingay. Three parameters characterize this relatipnéé consistendy;
the flow indexn, and the yield shear stregs The consistency is a simple constant of proportitnavhile the flow
index measures the degree to which the fluid isusttenning or shear-thickening (Wikipedia defiait.
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Figure 3. Viscosity as a function of the rotor spe Figure 4. Shear strength as a function of the ratspeed

Using the Brookfield data to determine viscosity stfaw slurries. Traditional viscosity testing using rotational
torque testers can be carried out using concegtiiders arranged to produce coquette flow betwten
cylinders. Either the inner cylinder is rotatedileithe outer cylinder remains stationary or theeoicylinder
rotates while the inner cylinder remains stationalfythe fluid between these cylinders is a Nevaorfluid, then
the shear rate and shear stress can be foundlfi@torgue data using equations 1 and 2.

) ) Where:
_AUr(SH" e Eqg. 1 y is the shear rate (1/sec)
rvanez rcz - rvanez T is the shear stress (Pa)
S is the rotor speed (1/sec)
. re is the radius of the outer cylinder/vane (3.44 )nch
I = > Eq. 2 lvane IS the radius of the vane or inner cylinder (0.8€h)
20T e tH e 9 Hvane is the height of the vane (1.71 inch)
T is the torque

These equations are used by Brookfield to reduseosity data from their viscometers assuming a Newnh
fluid. However, they cannot be directly appliednimn-Newtonian flow. The computed shear rate wased on
this assumption. The shear stress calculation astlgn independent of the type of fluid, but the aheate
calculation depends heavily on the type of fluiddis This is especially true when dealing withdiithat exhibit a
yield stress. In these cases, the velocity prafiteugh part of the annular region is a constafite change in
velocity occurs near the moving plate or cylindét some point in between these plates or cylindeesvelocity
reduces to zero in the annular direction. If iisical point occurs at the outer wall, then thiais rate can be
computed using the inner and outer radius valulfethis critical value occurs somewhere betweenglates, then
the strain rate will be a function of the inner gaor cylinder radius and the
radius at which the velocity reduces to zero. Tdniscal point depends on
the yield stress value of the fluid. If one knatle yield stress, then one can
r=r,+k0" whenT>To, compute this critical radial position where theogy tends to zero. In this
experiment, the fluid can be approximated by a etekBulkley fluid model.
Shear stress can be related to the critical ratinasigh equation 3. Although there are seldomydical solutions
to the equation above, equation 3 can be numeyisalled to determine the critical radi(rs) as a function of the
yield stresq1p) and the rotational speed (S). Note that the afitiadius will never exceed the outer diameter of
the viscosity cup. We measured the torque valti¢isi® vane viscometer and used these to competerilical

y=0 whenT<Tg

(Continued on page 3)
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radius where the fluid velocity profile tends torae 1n

between the rotating cylinder and shell (Figure&s).a ( Ty j = 1

point of reference we plotted the vane radius Es k5" |/ r 2 "
indicated by the horizontal line in Figure 5. Tiene g.3 fee | 1 %ane

of stagnant material in the experiment is very elts ) E T -1 [dl¢

the rotor. It can be shown that the shear rateecbon
factor to the Newtonian shear rate is found by &qgna
4 below, provided the critical radius occurs betwee
the rotating cylinder or vane and the stationargeva
When this correction factor is used with data foaw
slurry at a solids content of 5%, the relationshi
between sheastress and shear rate can be determi
This strain rate relationship is presented in Feghiand
shows some agreement to a Hers@atkley curve fit.
The curve fits for both shear stress and viscosity
presented on the same graph. We biased the atrvet
results to make the viscosity readings more aceurat
suggesting that the assumed Herschel-Bulkley fluid
analysis is a reasonable assumption. This datebean
used to compute the viscosity of the material as a
function of strain rate.

Yield Radius Assuming Herschel Bulkley Fluid
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Figure 5. Expected critical radius as a functiorf etrain rate after 5 minutes

- . - to 1.5 pH liquid at el ted t t
It is important to note that these viscositiestaose re- Cxpostlie o Lo pri lquld ot elevaled Temperatire

ported from the Brookfield instrument and assumgaagnt viscosities as measured by Newtonian methdte
actual apparent viscosity could be different, ampoted from the actual fluid law. Additionally, gaseparation of
the fluid and the straw in the slurry was observidfact, we needed to mix the material betweeasueements to
assure uniform properties during testing. Finatlys very apparent from this experiment that gty is a strong
function of the size and shape of the particles ke up the mixture.
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Figure 6. Expected shear stress versus strain natationship after 5 minutes
exposure to 1.5 pH liquid at elevated temperature

would like to see included in future editions oé th
Fiber Focus Newsletter.

Contact: Susan at 352-379-8879




ance: Gas Pressure Effects (continued from page 1)
pw). Conical hoppers, if steep enough,icdace mass flow, but plane B
flow hoppers can be about 11 degrees flatter aléhgiuce mass flow. These
plane flow hoppers have the added advantage tatcn also prevent archin
more effectively than can conical hoppers. Measerd of the key bulk
material flow properties is crucial to achieving ssaflow in equipment
processing fibrous biomass materials. One of ipifcant flow properties
of any material is the permeability value.

Permeability is another flow property that affegicess operation with _ _

. . . . . . Examples: a mass flow (Diamondback®)
biomass. It is defined as the amount of air flaytihrough the pores in a bulk hopper and a conical hopper
material which causes pressure drop based ondhkedize of the pores, length
of the void path, and the local gas velocity. Bneral, the resistance to flow K Uy
depends on the arrangement of pores in the bulkrmaht It may be possible to U=——-2IIP
construct a material with different air flow resistes in different directions. This y H

. . - oy - . . Wh
gives rise to a tensorial pe_rmeablllty coeffl_czléln) which rel_ates the gas pressure isesrl‘jperﬁ cial gasvelocity
gradient to the gas velocity through the linearteeequation. Three things to K is permeability _
bear in mind when considering biomass feed stock: Lpisthe gas pressure gradient

- . v isareference bulk density

* Permeability decreases as density increases.

* Permeability decreases with finer materials anth wiaiterials that have wide size distributions.

* Permeability is a measure of the rate of the relehgas stored within the bulk material.

As a gas or fluid passes through biomass matérialjuces stresses that act in the directionaf fl These stresses
can consolidate material, causing the materialntsease in strength and, thereby, resulting in &ocmation.
Sometimes gas flow also supports the weight ofbibenass, reducing the ability of gravitational fescto break
arches. In situations where gas, steam, or fiieract with biomass, it is critical to understaari measure the
permeability of the material and calculate thesditamhal body forces.

Learning the Trade — Flow Properties Principles

Knowing and understanding key material propertsegawer to characterize bulk material flow behavidre will
empower you quarterly as we discuss one of thestafuental flow properties and its industrial apian.

Liquid Permeability as a flow property.Liquid permeability is
the superficial velocity of a fluid passing throughe bulk
material when the pressure drop across the bulkenabequals
the weight density of the bulk. It can be thouglitas an
incipient fluidization velocity, except that it imeasured as a
function of the stress applied to the bulk materidbwever, the
value of the permeability extrapolated to zerosstrs identically
equal to the incipient fluidization velocity. Pezability data is
used to determine the pressure drops in packedmemction. It
iIs also used to determine the limiting flow ratebeve the
resistance to fluid flow is the key limiting factty solids flow.
8 It is important to know the liquid permeability val of biomass

Liquid permeability determines the flowability materials because: with an understanding of pemityab

(or lack thereof) of wet biomass materials engineers can calculate the necessary de-aeratierahdinstal-

lation parameters of flow-aid devices in the equepito achieve required process flow rate and/ealbbridges
and ratholes that are negatively affecting theesyst Material Flow Solutions measures the liquidvgability of
your material to assist you in designing or rettioig a new or existing solids flow processing systwhen your
primary goal is to “get it right the first time.”

For more information Contact: Kerry Johanson at 35203-9123



