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tendency of the fibres, in which the fibre length plays a major role, chapter

three was devoted to describing the techniques that were developed to

measure mean fibre length. Another measure, called the coarse-fine ratio,

was defined. This figure describes quantitatively the ratio of the mass of fine

particles to that of the coarse ones.

In chapter four the apparatus and techniques that were used to measure bulk

properties of bagasse were described. These included

surface friction

change of bulk density under compacting loads

internal shear

translation of vertical to horizontal pressure

tensile strength.

Multivariate expressions for these, in terms of moisture content, bulk

density, mean fibre length and coarse-fine ratio, were developed with the

help of a statistical package. The attempts to measure internal shear of

bagasse produced rather disappointing results. The other properties yielded

expressions for which the agreement between observed and predicted values

was acceptable.

A fairly intensive study of bridging behaviour was reported in chapter five.

Two distinct modes of bridging were identified, one occurring as a result of

surface friction and the other due to lateral obstructions. Bridging as a result

of surface friction tends to be responsible for problems occurring in transfer

equipment. An approximate bridging model for the surface friction mode was

presented. It utilises the expressions from chapter four to evaluate the

critical bridg ing height of a plug of bagasse. The model was used to compare

predicted critical heights to those measured in the actual bridging tests, with

satisfactory results. An example, in which the model is used to calculate the

required dimensions of a bagasse chute, is presented. The model was also
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employed to generate bridging characteristics for mill and diffuser bagasse

from which the critical heights (determining maximum chute lengths) for

different chute widths can be estimated.

6.2 ACHIEVEMENTS

The perceived achievements of this study are:

1. The particle characterisation of bagasse, in terms of its mean

fibre length and coarse-fine ratio, has been placed on a sound

basis. Furthermore, the techniques used to obtain these values

are relatively simple and only require inexpensive and readily

available equipment.

2. Accurate information on surface friction, and its dependence on

bulk density, normal stress, mean fibre length and moisture

content has been presented. This has also been obtained

through the use of relatively unsophisticated hardware.

3. An indirect measure of the internal friction of bagasse, viz. the

translation of vertical to horizontal pressure has been

developed.

4. Multivariate expressions for various bulk properties of bagasse,

and an approximate surface friction bridging model, which have

application in design calculations, have been developed.

5. It was shown by means of the bridging apparatus that there are

two distinct mecbanlsrns of bridge formation , viz. bridges

supported purely as a result of surface friction and those that

are held up by lateral obstructions. In bagasse transfer
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equipment the surface friction mode is operative whereas a

knowledge of bridg ing due to lateral obstructions has little

practical application.

6. The spreadsheet bridging model, which was described in

section 5.5, has been used to develop two sets of bridging

characteristics, one for mill bagasse and the other for diffuser

bagasse, according to which the likelihood of bridging for

different spans can be evaluated. Use of these characteristics,

which are depicted insection 5.6, presupposes a knowledge of

the approximate bulk density of the bagasse. The spreadsheet

model can be used to generate similar characteristics for

bagasse of a particular mean fibre length, coarse-fine ratio and

moisture content.

6.3 RECOMMENDATIONS

Apart from the particle characteristics studied, the fibre hardness of bagasse

is likely to have an effect on its handling characteristics. A way of measuring

this would further assist in the understanding of its flow behaviour.

No application of the expression for tensile strength has been discussed. In

the phenomenon of br idging caused by lat eral supports th is property is likely

to feature prominently but th is appears to have little practica l application.

In this study a large cylindrical shear cell was used for measurements of

surface fr ictio n and int ernal shear, as well as the translation of vertica l to

lateral pressure. The large shear cell did not prove very effective f or surface

friction and internal shear determinations. On the other hand, the surface

friction box, the compactibi lity beaker and the tensile strength trolleys were

relatively simple items which gave highly repeatable results . It seems



184

therefore that, for bulk solid measurements, small, simple equipment is to be

preferred. However, a large cylindrical apparatus will be useful in studying

the bridging behaviour in chutes of circular cross-section.

The translation of vertical to horizontal pressure as an indirect measure of

internal friction is considered a very important measurement for predicting

the flow properties of bagasse. A more extensive study of this relationship

should improve the reliability of flow/hold-up predictions. Furthermore, the

use of bricks is considered, in retrospect, an inappropriate means of

increasing the vertical load on a given mass of bagasse because of the

uneven load distribution generated. It is recommended that for valid

deductions about horizontal and vertical pressures only loading with bagasse

be used.
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APPENDIX A

ELECTRONIC DATALOGGING SYSTEM

A commercially available data acquisition board called Status-74 (Eagle

Electric Company, 1991, p.13) was used for data capture. It features an 80

kHz analogue-to-digital throughput, 12 bit resolution, a programmable gain

control, 16 analogue input channels, two 12-bit D/A converters and 16

digital I/O lines, and uses an IBM-compatible computer system for data

capture, storage and display. It has the capability of reading 16 channels

sequentially and the speed of taking readings (sampling) can be set at one

of 57 settings between 600 000 and 0.005 Hz. With the aid of a colour

monitor the readings of the sampled channels are displayed. The use of

appropriate scale factors applied to voltmeter outputs permits the display of

actual values. The digital values read on each channel can be observed

separately to facilitate calibration. The number of readings to be recorded

can be preset. The data could be stored on floppy diskettes and the

programme had the capability to change the data format into text mode in

which it could be imported into a standard spreadsheet programme such as

Quattropro. This was done and initial data analysis was performed within

that software programme. The full data analysis procedure is explained in the

text.
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APPENDIX 8

TENSION MEASURING DEVICE

The tension measuring device, which was used for surface friction

measurements as well as for tensile strength tests, was constructed of two

pieces of spring steel of equal length riveted together at one end w ith a

spacer separating them, as shown in Figure B.1. Tension force was

transmitted to the electronic datalogging system by means of a set of strain

gauges bonded on each piece of spring steel approximately 15 mm above

the rivets. Figure B.1 (a) shows the tension measuring device in its normal

position when measurements were being taken while Figure 8.1 (b) shows

its position during calibration. Mass pieces of known mass were used to

calibrate it. The calibration data are presented in Table B.1.

Rivet

Tension force

'Spring steel

\

'Spacer

Fixed point -_ ...
of suspension ~

Table

(a) (b)

Known
weight

Figure B. 1 Tension measuring device: (a) in normal position during

experiments (b) in calibration position
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Table 8.1

Calibration details for tensile force meter

CAUBRATlON OF TENSILE FORCE METER

OBJECT MASS (g) FORCE (N) FORCE (N) INSTR RDG TENSILE FORCE METER READIN
MEAS REGR AVE

0 0.00 0.000 -0.04 3.01 2.99 2.91 3.08 3.16 2.91
PAN 126.54 1.241 1.27 7 .96 7.86 7.95 7.78 8.2 8 .03

1 21 .25 1.450 1.48 8.73 8.72 8.89 8.63 8.8 8 .63
2 60.58 1.836 1.84 10.10 9.91 10.28 10.08 10.17 10.08
3 107.23 2.293 2 .29 11.81 11 .88 11.62 11 .71 11.79 12.05
4 354.39 4 .718 4.69 20.87 20.76 20.85 20.94 20.68 21 .11
5 1430.00 15 .270 15.27 60.81 61.10 61.27 60.58 60.33 60.75

Regression Output:
Constant -0.8364351
Std Err of Y Est 0.0283347
R Squared 0.99997568
No. of Observations 7
Degrees of Freedom 5

X Coefficient(s) 0.26491317
Std Err of Coef. 0.00058432

TENSOMETER CAUBRA1l0N
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APPENDIX C

CALIBRATION OF TORQUEMETER AND SPEED-MEASURING DEVICE

The torquemeter was used to measure the force required by the stirrer in the

cylindrical shear cell to produce internal shear of the bagasse. The measuring

element was a load cell fixed to the end of a lever which was bolted to the

housing of the hydraulic motor turning the stirrer. The load cell could not be

calibrated in its position on the apparatus. As mentioned in the text, this led

to an off-set of the torquemeter readings which had to be taken into account

in the measurements.

For calibration purposes two platforms were attached to opposite ends of

the load cell, one of these resting on the floor. The weight of the other

platform which was resting on the top end of the load cell was known.

Different weights were placed on the top platform and the electronic output

of the load cell was correlated with these weights. The relation between

weight and voltage output is shown in Figure C.1 .

The load cell was thus calibrated with compressive loads, but on the

apparatus it was subjected to tensile loads. The manufacturer, however,

maintained that its response was the same in tension as in compression. The

length of the lever to which the load cell was attached and the diameter of

the cylindrical shear surface were taken into account when calculating the
,

internal shear stress.

The speed-measuring device consisted of a circular mild steel disc, mounted

co-axially with the shaft of the hydraulic motor, which had accurately

machined indentations and protrusions on its circumference. A proximity

sensor detected the protrusions which resulted in a given voltage output. For

calibration purposes a mark painted on the disc facilitated the counting of
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the number of revolutions of the shaft. A stopwatch was used to determine

the time taken for the respective number of revolutions. The calibration

equation which relates voltage output (V) from the proximity sensor with

revolutions per minute (RPM) was

RPM = -0.157 + 12.27V. (C.1)

5-.---------------------------.

4+-----------------------~

s
o
o3+--------------------:::>""O:::'---~a:
a:
UJ.....
UJ
~2+---------------:".""'--------------i
~o
>

1+------..."..~---------------___l

200 400 600 800
WEIGHT(N)

1000 1200 1400

Figure C.1

I • MEASURED """*"" REGRESSED I

Calibration graph of torquemeter loadcell
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APPENDIX D

CONSTRUCTION AND CALIBRATION DETAILS

OF PRESSURE TRANSDUCERS

The pressures recorded by bagasse in the shear cell, and also in the bridging

apparatus were extremely low (of the order of a few hundred Pa). Hence an

instrument that is to be capable of measuring such low pressures must be

very sensitive. The transducer that was designed by Mr Vaughn Stone of the

Engineering Division at the SMRI was a pneumatic instrument. Its

construction is indicated in Figure 0.1.

/
Compressed air

DP cell

Figure 0.1 Cross-section through bagasse pressure transducer

The DP cell converted the pneumatic signal to an electronic one. With the

transducer in a horizontal pos ition weights were used for calibration. A

typical calibration curve is shown in Figure 0.2.
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PRESSURE TRANSDUCER 1
CALIBRATION CURVE

P = 0.01089 * I + 0.01879
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Figure D.2 Calibration graph for pressure transducer
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APPENDIX E

VARIATION OF LATERAL PRESSURE WITH HEIGHT

The data investigating the variation of lateral bagasse pressure with height

are shown in Table E.1.

Table E.1

Measurements to investigate variation of pressure with height

FILE: PRESSHT.WQ2 25-11-94

PRESSURE VS HEIGHT RELATIONSHIP

BAGASSE: MILL (MS6)

DIST. BETWEEN PLATES (em):

MOISTURE(%):

43.5

PRESSURE CALIBRATION EQUN: P = 0.01089*1 + 0.01879

(I = TRANSDUCER READING)

BULK VERT.

MASS HEIGHT DENSITY PRESS. TRANSDUCER RDGS AVE PRESS STRESS

kg em kg /m3 kPa kPa

13.3 30 63.3 1.46 1.46 0.98 0.00 0.98 0.029

21.6 50 61.7 8.30 7.32 7.32 6.84 7.45 0.100 0.027

33.4 75 63.6 10.25 10.74 11.23 9.77 10.50 0.133 0.066

46.3 102 64.8 12.70 11.72 14.16 13.18 12.94 0.160 0.108

60.8 131 66.3 24.41 23.44 22.95 23.44 23.56 0.275 0.156

128.4 128 67.9 38.57 38.09 37.11 37.60 37.84 0.431 0.378

* LOAD OF 67.6 kg ON WOODEN PLANK

NOTE: VERTICAL STRESS IGNORES SURFACE FRICTION

The bridging apparatus (see section 5.2) was used for the investigation.

With the vertical plates separated by a distance of 43.5 em and the trapdoor
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closed bagasse was added to the apparat us and compacted with the garden

fork as described in section 5.3. It can be seen from Table E.1 above that

the bulk density during the experiment was essentially constant. The

variation of pressure with height is depicted in Figure E.1.

LATERAL PRESSURE VS HEIGHT
0.5..,.-- ------ ----- ----------.,

0.4 .

co
CL.
~ 0.3 .

w •~ -~ -

~ ::~ ::_ ~: _-; ~~::_~::~-~~=~~:~~:>~~~:~-~: :-:_:
1IIi"

15012060 90
HEIGHT (m)

30
0+---- -,---- - ..,.------.- - ---,-------1
o

I • MEASURED ... 00.. REGRESSION I

Figure E.1 Variation of pressure with height

The pressure transducers (one on each vertical plate) were situated at a

height of 30 cm above the trapdoor, thus they measure the lateral pressure

of bagasse above that height. This is shown in Figure E.1 which shows that

at 30 cm the pressure is nearly zero. A load of 67.6 kg in the form of br icks

was added on a wooden plank on top of the bagasse after the final addition

of material. Th is caused some compaction which obviously affected the

height. Th is data point is therefore not shown as part of the graph in

Figu re E.1.


