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CONCENTRATED COAL WATER SLURRY"
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ABSTRACT

Coal-water slurry, a new liquid fuel, began to appear during the world-wide petroleum crisis in the seven-
ties of this century. Its applications to substitute petroleum drew great attention on the investigations of its prepa-
ration, combustion and transportation, etc. The rheological behavior is an important quality index [or the [uel.
However, the conventional viscosimeters designed for true fluids are notf suited to the high concentrated slurry
due to the complicated rheclogical bechavior. A special viscosimeter of tube type was represented, which was de-
signed and set up by the authors for the measurement of the rhecology of high concentrated coal-water slurry and
experiments were conducted with two kinds of slurries from P. R. China. In consideration of the wall slip effects
the correction of the experimental data were made.
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1 INTRODUCTION ¢d and the wall effects are discussed in lami-

nar tube flow.
The high concentrated coal-water slurry

(cws) can be burnt directly like oil. The 2  VISCOSIMETRY FOR CWS
long-distance transport of the fuel through

pipe has been paid great attention due to the Rotational cvlinder viscosimetry is wide-
lower operating cost than railway. Previous 1y used for the measurement of the rheology
studiest'*! have pointed out that cws is a  of Newtonian and non- Newtonian fluids.
time-dependent and viscoelastic non-Newtoni-  But problems have been found with such vis-
an fluid and the measurement of the rheology  cosimetry for cws that the range of shear
of cws was a prob]em remained to be solved. rates is limited for the high viscosity of cws.
On the design of industrial pipe through  Besides, there is radial motion of coal parti-
which cws is transported the pilot tests of cles due to the centrifugal force which makes
loop pipe are necessary to get the pressure  errors of resultst'™ .  With capillary vis-
loss and other design parameters, because the cosimetry very high shear rates can be got
results obtained with viscosimeters in labora- and flow principle in capillary is the same as
tory are auxiliary only. One reason is that in pipe, so that the viscosimetry was consid-
the wall effects are obvious in small tubes. ered to be a more suitable method in the pipe
In this paper a viscosimeter for cws is present-  transport research of ¢ws. However, many
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factors exist with capillary viscosimetry
which can cause errors of measured results.

They include kinetic-energy losses, elastic en-
ergy losses, turbulence, end effects, wall ef-
fects and the effects of time-dependent prop-
erties, etc. The effects of these factors may
be obvious to cws when capillary viscosime-
try is used because cws has complicated rheo-
logical characters of non-Newtonian, includ-
ing viscoelastic and time- dependent proper-
ties. However, the corrections for these ef-
fects are very complicated.

A viscosimeter of tube type for cws was
designed and set up by the authors(Fig. 1) in
which the pressure losses for friction along
tube were measured directly with pressure
sensors equipped on tube. The entrance
length of tube is long enough that the flow of
test fluids has reached the complete stational
state and kinetic- energy losses, end effects

and elastic energy losses are eliminated. The
effects of the time-dependent properties can
be neglected because the flowing time is so
short(about 1 second only).

However, wall effects, surface phenom-
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ena at fluid-wall interface are not able to be
known. Four tubes, 6, 8, 10 and 12 mm in
diameter, were used to make quantitative esti-
mation of wall effects.
conducted with two kinds of cws, made from
Bayi and Fushun of P. R. China. The test
temperature was kept in the range of 25+
0.5 C and size distribution and concentra-
tion of test ¢cws were measured before and af-

Experiments were

ter flowing test to make sure if any changes
occured during flowing.

3 RESULTS AND DISCUSSION

The measured shear stress-shear rate re-
lationship curves of two kinds of experimen

tal cws in different diameter tubes are shown
in Fig. 2 which are scattered with tube diame-
ters. The diameter effects can be considered
as wall slip effects due to the anomalous flow
behavior of c¢ws in the vicinity of the tube
wall. That is there is a thin slip layer near
the tube wall, whose overall effects could be
characterized by a positive slip velocity at the

wall. The flow rate of the stationary flow
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Tube viscosimeter for coal water slurry

1—bucket with stir; 2—blade; 3—pump; 4—motor; 5—sealed buffer; 6—pressure gauge;

7—temperature sensor ; 8—tube; 9—opressure sensor; 10-—gravity sensor; ]1—container
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through a circular tube is
fid

Q= ZWJ urdr
0

Q= ﬂ[mﬂz—Jrgdu]g
Wall slip velocity is supposed to be «, , then

QP

or (2)

from the above equation we get
s

Q — n{i’zus—rrj redu (3)
0

5 pr
or Q = wR%u, + E}J “f(rydr (4)
w 0
(1 -u) fil_ o, _
and 5 = T@Jo 2 f(7)dr (5)

where ( formelates (1) ~ (5)
flowrate; " —averae velocity ; D —tube di-

¢/ — volume

ameter ; # —tube radius; v —shear stress,

T .—shear stress at wall; 8, —shear rate at
wall; P —pressure;
So that the virtual shear rate at wall is

du
(a,)w = [(1a)
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o dln[8(l?u\)/l)]
Generally it is believed that there isn't
slipage at wall, that is «, = 0. It is true to

) (6)

where n’

Newtonian fluids. However to many non-
Newtonian fluids such as polymer solutions
and solid suspensions the wall slip velocity u,
can not be negelected particularly in very
thin capillary tubes!”'?l. Metzner et a/''*1 be-
lieve that the stress gradient in radial direc-
r/21. , where

l.—length of tube) must result in the concen-

tion( 7 . = P—pressure;
tration gradient along radial and a thin slip
layer of very low concentration almost near
solvent forms at wall.

If #.,==0 is presumed we get from Eq. 6
1 + 3»° 8l
w — T —)

4’ ( D (7)
and we can find that the
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The shear stress-shear rate relationship curves in tubes of

different diameters (absence of wall effects)
(a) —Bayi cws, C =63wt. - % ; (b)—Fushun cws. O =62wt. - %}
i—D=6mm; 2— D =8mm; 3— D =10mm; I— D =12 mm
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calculated shear rate S’ ,{(u ,= 0 presumed)

is always higher than virtual shear rate S ..
In other words the calculated apparent viscos-
ity ( u ,= 0 presumed) is lower than the virtu-
al apparent viscosity of fluid.

Now back to Fig. 2 because wall slip is
mote obvious in thiner tube the calculated ap-
parent viscosity is lower. To get the virtual
viscosity of experimental slurry the correc-
tion must be made to shear ratc.

From Eg. 4 we get

Q _ Y Jl“ 2 1
TR = Rr. + 7 fCodr/7, (8)
Oldroyd"' T defined slip coefficient f = u,/7 .,
and presumed that B is only a function of

Jaostrzcbs-

shear stress at wall. However,
kil'*] recently found that the slip coefficient |3
also depends on the diameter of the tube in
study of the flow of concentrated suspensions
through tube. Further more, Kozicki ef al
18] introduced a modified slip coefficient

po = R'f{r., R) (9)
substituting Eq. 9 into Eq. 8 we get

ﬂ[gn = R{fiﬂ -+ TL&JO“TBJ"(T) dr
(107
Corrected flowrate is
Qe = Q — aR*"1,.f. (11

Substituting Eg. 11 into Eq. 7 we obtain
du

‘S‘w —_ (a)\o\.
3 4 .
= (&) (12)
dlnt,

I =
here n din[4(0° — B.R *1.)/R]

Eg. 10 shows that from a plot of
@/ (R, )vs. (R'7*) ! at constant 7 ., f .
can be considered as a slope. But « must be
given. A method for a was developed. First
« is assumed to be a proper value. The plot
of (Q/nR*v,)vs. (R'"T*)~! can be obtained
based on the experimental data in different

diameter tubes and then the relative coeffi-
cient v(w) is calculated which is the function
of « and will be the maximum one when the
true « is reached. Therefore, how to deter-
mine w is equivalent to solve the minimum of
the following function

SCa) = 1-y(a) (13)

Table 1 Mearsured and corrected plastic viscosi-
ties(Bayi cws)
concentration tube diameter  plastic viscosity

/wt. =%, /mm /Pa.s

63. 00 6 0.104

63. 00 12 0.840

61. 34 6 0.0709
Measured 61. 34 12 0. 086 3

58. 91 6 0.0519

58. 91 12 0. 068 4

55. 02 6 . 0.0320

55. 02 12 0. 0400

63. U0 6 0. 245

63. 00 12 0.248

6]. 34 6 0.0997
Corrected 61. 31 12 0.102

58. 91 6 0. 0840

58. 91 12 0.0837

55. 02 6 0.041 1

55. 02 12 0.042 7

The corrected flowrate is then got and
the virtual shear rate at wall can be ob-
tained. 1t can also be found that the rheologi-

cal characters of the two slurries are de-

scribed with Bingham equation of two param-
eters and the measured shear stress-shear rate

curves show that only plastic viscosity is de-
pendent on the tube diameters. The mea-

sured and corrected data of plastic viscosity

of different concentrations and diameters are

shown in Tables 1 and 2 and it can be found

that the diameter effects have been eliminat-

ed.

4 CONCLUSIONS

( 1)The capillary viscosimetry was used
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and a tube viscosimeter was designed and set
up for the measuement of rheology of cws.
The experiments indicates that the viscosime-
ter is satisfactory for cws than the commonly
used viscosimeters designed for the true flu-
ids;

Table2  Mecasured and corrected plastic vis-

cosities (Fushun cws)

concentration tube diameter  plastic viscosuty

/wt. - %, /mm /Pa.s
62. 00 6 0.223
§2. 00 12 0. 166
60. 14 6 0. 127
Measured 60. 14 12 0.168
57. 54 6 0. 057 3
57. 54 12 0.076 7
62. 00 6 0. 867
62. 00 2 0. 882
60. 14 6 0. 187
Corrected 60. 11 12 0.192
57. 54 6 0.0812
57. 54 12 0.084 3

(2) The diameter effects in different
thin tubes of the measured shear rate-shear
stress relationships were corrected by consid-

ering the anomalous behavior of cws in the
vicinity of tube wall characterized by a posi-
tive slip velocity at the wall. The corrected
shear rate-shear stress relationship curves are
identical very well.
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