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OVERALL OBJECTIVE:

The overall objective of this project 1is to perform
experiments to understand the effect of high shear and extensional
properties on the atomization of coal-water slurries (CWS). In the
atomization studies, the mean drop size of the CWS sprays will be
determined at various air-to CWS. A correlation between the
extensional and high shear properties, particle size distributions
and the atomization will be made in order to determine the
influence of these parameters on the atomization of CWS.

WORK DONE

During the previous quarter, it was noted that understanding
the rheology of polymeric additives used in enhancing the stability
of the CWS was essential in meeting the project objectives. Thus,
further review of the 1literature was carried out to gain
information on the rheology of polymeric additives, particularly at
high shear rates.

Philippoff and Hess [1] reported the existence of four
distinct flow regions in the behavior of flow curve analysis of
polymer solutions (Figure 1). These regions are charactérized by
(1) A Newtonian Region
(2) A non-Newtonian pseudoplastic region
(3) A second Nevtonian region at high shear rates 10° to 10° sec™
(4) and a region of steepening slope identified as the onset of
turbulence.

Efforts during this past quarter was therefore directed

towards the study of high shear rheology of the CWS using an
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automated HVA 6 capillary viscometer. The HVA 6 automated high
shear capillary viscometer permits measurements from medium up to
high shear rates (D=102 to 10°® s™'). The sample to be measured is
forced through a capillary at definite pre-adjusted pressure and
forced through the capillary and pressed into a burette where
volume measurement takes place (Figure 2).

There have been several reports in the literature which
indicate that the presence of polymer additives used to stabilize
CWS exert significance influence in CWS atomization [2]. Thus,
several CWS having different solids concentrations were prepared
and their flow behaviors under high shear rate conditions
evaluated. Typical results obtained are as shown in Figures 3-5 and
Tables 1-3. Figure 5 is a flow curve of a slurry containing 61%
solids, 0.3% A-23M and 0.25 % stabilizer). The flow curve obtained,
shows a departure from the behaviors shown in Figures 3 and 4. It
is not clear whether this behavior is due to the presence of the
stabilizer. Thus, it is int-nded during the next guarter to perform
several experiments with varying concentrations of the stabilizer
in order to determine the effect of the concentration of the
stabilizer on the flow behavior.

Figures 6 and 7 also show the variation of the viscosity as a
function of the shear rate. In Figure 6, there is a sudden increase

‘. This sudden increase

in viscosity at a shear rate of 10° s
corresponds to the flow behavior in Figure 5 where an abrupt change
in flow behavior occurs. Such a sudden change in viscosity could

elucidate some of the factors affecting atomization.
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Operator
Sample

Solvent
Density

Capillary-length

(kg/m3)

HVA 6 - Table 1lin

No.

AU S WN

TAU (Pa)

3.800E+02
6.600E+02
1.000E+03
1.480E+03
2.080E+03
3.120E+03
3.860E+03
5.000E+03

TABLE 1

FLOW DATA FOR 62% PSOC - 1527,. 0.30% A-23

P AAR HVA-6 * % %

ESULTS from 17/11/1992

ohene File : OHENE1l

Ohenel Number : 1

water
1200 Temperature (%C) : 23
(mm) : 100.00 Capillary-diameter (mm) 0.800

(measured)

TAU corr (Pa) D(1/s) ETA(Pa.s) Reynolds tv(s)
3.749E+02 1.382E+04 0.0271 49 0.0724
6.449E+02 2.366E+04 0.0273 83 0.0423
9.645E+02 3.632E+04 0.0266 131 0.0275
1.396E+03 5.578E+04 0.0250 214 0.0179
1.898E+03 8.219E+04 0.0231 342 0.0122
2.786E+03 1.116E+05 0.0250 429 0.0090
3.204E+03 1.562E+05 0.0205 731 0.0064
4.191E+03 1.735E+05 0.0242 690 0.0058
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* k % A
Operator

Sample

Solvent
Density (kg/m3)

Capillary-length

P

RESULTS

se e

TABLE 2

Flow Data for 61% PSOC - 1527, 0.30% A-23

P A AR

ohene
psoclb27
water

1200
(mm)

HVA -6

from

Capillary-diameter

18/11/1992

Temperature (%C) :

- € " — - —— ——— T ———— o ——— P M- S G - fme Gma e M e = G . - - - - — " G - o~ =

HVA 6 - Table 1lin

No.

WONAATNSE WN

TAU (Pa)

7.200E+02
9.400E+02
1.380E+03
2.140E+03
2.680E+03
3.260E+03
5.680E+03
6.480E+03
7.280E+03

(measured)

TAU corr (Pa)

7.150E+02
9.321E+02
1.357E+03
2.076E+03
2.583E+03
3.111E+03
5.225E+03
5.938E+03
6.624E+03

D(1/s)

.358E+04
.716E+04
.947E+04
.880E+04
.007E+04
7.437E404
1.301E+05
1.420E+05
.L62E+05

1o Y S EP

ETA(Pa.s)

0.0527
0.0543
0.0460
0.0425
0.0430
0.0418
0.0401
0.0418
0.0424

* Kk %
File : OHENE2
Number : 1
23
(mm) : 0.800
Reynolds tv(s)

25 0.0736

30 0.0583

61 0.0339

110 0.0205

134 0.0166

171 0.0134

311 0.0077

326 0.0070

353 0.0064
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Operato
Sample

Solvent
Density
Capilla

This
0.2%

AP

TABLE 3

FLOW DATA FOR 61% PSOC - 1527, 0.30% A-23
AND 0.2% XANTHAM GUM

PAAR

RESULTS

r H

(kg/m3) :
ry-length

ohene

1180
(mm)

100.00

HVA 6 -

No.

AN D WN =

Table 1lin
TAU (Pa)

3.280E+03
4.040E+03
5.200E+03
6.920E+03
8.460E+03
1.002E+04

(measured)

TAU corr(Pa)

3.168E+03
3.907E+03
4.977E+03
6.387E+03
7.783E+03
9.276E+03

HV A -6 ok K
from 01/12/1992
File : COAL3
Number :
Temperature (%C) : 20
Capillary-diameter (mm) : C.800
D(1/s) ETA (Pa.s) Reynolds tv(s)
6.507E+04 0.0487 126 0.0154
7.099E+4+04 0.0550 122 0.0141
9.187E+04 0.0542 160 0.0109 |
1.420E+05 0.0450 298 0.0070
1.600E+05 0.0486 311 0.0062
1.678E+05 0.0553 287 0.0060
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SHEAR

dyne/cm=

TURBULENCE

RATE OF SHEAR, D (sec™)

FIGURE 1. A High Shear Flow Curve For A Dilute
Polymer Solution [Ref. 1]



Lwiaund

Y

T2udrs gaaurad

PTRIS 3urzern3dsi-sanies

BTN

sdwsz pue se3 sansssa

mCHumﬂsmnunl.uunumhmaEmv ,§

se23 sunsssad

[s] swtz-dsas
[S/Tw] mot5 jo fetdsip

SoTRue

3ndano
"~ e3ep
I ER
T221371D

r«
Vo Z !
3ansssad:uoaznqusnd ?!
18SaJ
wcmsmhnmmmeucoununnmﬁa

|

2720

|
i
|

beg vaEmm
423TMs T jeqny AxeTTtded ~— = w \
@ﬁozmmnzpnllnuq ) \
W /
mpumuﬂm%‘\\Aw
N |
. AeTdsTp A
s°esl sanssaad e FooTpSuRIL
~ulﬂ_ aansssig
ﬁ],
FUswsInsezw swntoa oy \\ ‘ M//
SIstireq 2ustT
Q@ VAH IHLI 29
SJ1 : 3 =
1 O"¥ L2373 NV SO INVHIIW ¢ Ao

B0 O 3 A0 O GO0 0.0 P P AT 00 0 0  F A 1 O




(s/%) a b1 L ! r T T ! ! e
: 2o : : : ST S - : :
: P : : O - :
B : : - :
A : : : O A : :
P . . M . - - H . . N M
el 5 ~ e SIS O S UUN S B e
008°0 : (W) Jajawerp-Aderrided .: : ; SUUUUU St O Foeeediereneteennneeeiocnvanseeneiogornceeeanrasnnt
IR I : 2
00°00F - (uw) yibuar-AueITIde] ..: 3 N R : teerrerernierenen
ces tesveecsissicnnsnen Peegevenene tesssessnscnsseneny
e ge P R LT T T T TTTT T YRR TRL PP, FIF SPPT P TN e-caneses cennen esvsosed
£2  :(),)eunjeJadual ©.: SO SRRSO S-S0 004 rercrerereelenseeneesissensesid B
: : : : : :
0027 : (eu/By) f3tsueg | :
: : P A : :
Jajes o JuaATos {..: SO SO SUPOUUROUNOORPPIOE
: : A : : : :
jauayg : oTdues . : : : P P :
ovd ‘u vessecsssne -w-u“ m -} n u~'--vo-nv-nl
. . . . PR . . . s
auayo . dojesadg : : G o : % ceeend FSR OO SOt SO SRR
M H H . . M H M
« - 43 ..om. : .w....w m......m........w............m.................... w.....m......w........w. conond
temeessseencsemesssnsesssasssescsammansacssssromencesraans cevammasensn oot
SIS T SO : S :
VAH'PINGHO - OTHd | - AN P
:lm. -.:u....“\...‘m.... l“:...
. et v

BE/TS/LY WO} §$11nSs3H
(sed) nvl BT

¥ ¥ ¥ - Y AH HYVd dV ¥ ¥ ¥

€¢ -V = [29T = 30Sd %19 404 3A4N) MOl4 °¢ FYNII4



°0oT

0

C I S S A N S 200 B S O A ;
008°0 © (W) J3IOWCTP-AURTTIOR] i.ifuwfec-dunivondd i
0000 ¢ () GDT-ARCTEOR) | A SO N 90
2 io)emestey [ L ;”.....“.H“.H.uwmmwmuwnwummu.m Al .
st wems | L
auayo : wwesdy | G: PG G 4N

VAH SINZHO © 9TYd

e e - =n. et -t e
.

.
.
.
.
.
.
.

-...u......u.-....h}.-.......:w

.
ascesscessesvmfeosccaccastsosccrncom
- -
. o o
(..oa-.-c.-.*.-.n-o.-..-on.-..\

Vegesfoodeenfroeduocnshonses

ceprraveeqe
- . -
P

ssscecssscege sbseceanenies sy

.
sesescssessccssocccany e

ceetrecacsccsccsonnad

61/31/8% woJdj s1ins3d

X X ¥ g -V AH

HYYV

€2-vY %€°0
LZST - 90Sd %29 40} SAUN) MO|4

d

" 3UNDIL

dV

14
(sed) nvl Bt

* X X



Flow Curve for 61% - PSOC - 1527,
03% A-23 and 0.2% Xantham Gum

FIGURE 5.

X X X

HVA-©5

AP PAAR

x %
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01/12/14%
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