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Abstract

Coking coal is an important ingredient used in steel manufacturing industries. It is the type of coal
which possess very low ash and Sulphur content and when exposed to very high temperature in
the absence of air, a highly carbon rich compound i.e., coke is prepared. This coke is used as a
strong reducing agent for the metals or metal oxide in the process of manufacturing of steel. Hence,
the transportation of coking coal is required on large scale. In the present study, rheological aspects
of the coking coal and water slurry (CCWS) are studied experimentally under different
circumstances and a modified model for the coefficient of particle diffusivity for solid-liquid slurry
flows is proposed.

Rheological study on CCWS is performed using rotational rheometer for lower mass
concentrations 20%, 25% and 30% and for higher mass concentrations 50%, 55%, 60% and 65%.
At lower shear rate range shear thickening behaviour is exhibited by the CCWS up to 50% mass
concentration and then it starts changing to shear thinning behaviour for higher concentrations.
But in case of higher shear rate range, shear thickening behaviour is exhibited up to 60% mass
concentration. The slurry behaviour has also been observed to be varying with different time
intervals of soaking of CCWS. Sedimentation analysis of CCWS is performed and it was found
that the settling of solids is taking place as long as up to 48 hours. Hydrophobic nature of the
coking coal particles is clearly visible on the top surface of CCWS after mixing the solids with
water in the cylindrical flask. Further absorption of water by the particles take place and the highly
porous structure of the coking coal particles influence the solid liquid interaction with time. Hence,
the rheology of CCWS is also determined at different time intervals (O hours, 24 hours, 28 hours,
48 hours, and 72 hours) for the same sample kept in controlled environment. Rheological
behaviour of the slurry is found to be changing significantly and the apparent viscosity increase
with increasing soaking time interval. Practically such situations can be observed while the non-
functioning of pipelines, storage of slurries in sharp vertical bends and slurry storage at different
terminals. Slurry mixture follows the Herschel Bulkley model of rheology, for which all the
rheological parameters are determined and analysed. Correlations for all the parameters are
formulated for which the predicted values are found to be in close agreement with the experimental
data.

Transportation of highly concentrated slurries in the industry is required to save time and
to make the system more cost effective. Hence, the chemical additives are used to keep pumping

power consumption less and mixed with the slurry which helps in reducing the slurry viscosity. In



the present study, chemical additive Calcium Hydroxide is used as additive for the CCWS.
Rheological tests are conducted on the samples of CCWS with mass concentrations 20% and 25%.
Tests are performed by adding the Calcium Hydroxide to the samples at mass concentrations
0.05%, 0.1%, 0.5%, 1%, 1.5% and 2%. A significant change in the apparent viscosity of the CCWS
Is observed with the addition of Calcium Hydroxide to the CCWS. CCWS samples with Calcium
Hydroxide are also tested at different soaking time intervals i.e., 0 hours, 24 hours, 28 hours, 48
hours and 72 hours. Shear stress and the apparent viscosity decreases with the addition of Calcium
Hydroxide to the CCWS. For 20% mass concentration at lower shear rates, at 48 hours and 72
hours soaking time intervals, the shear stresses are found to be minimum for 0.5% additive
concentration and for 0 hours, 24 hours and 28 hours soaking time intervals, the shear stresses are
found to be minimum for 2% additive concentration. For higher shear rates, at 48 hours and 72
hours soaking time intervals, the shear stresses are found to be minimum for 1.5% additive
concentration and for 0 hours, 24 hours and 28 hours soaking time intervals, the shear stresses are
found to be minimum for 2% additive concentration. For 25% mass concentration at lower shear
rates, at 48 hours and 72 hours soaking time intervals, the shear stresses are found to be minimum
for 1.5% additive concentration and for 0 hours, 24 hours and 28 hours soaking time intervals, the
shear stresses are found to be minimum for 1% additive concentration. For higher shear rates, at
28 hours, 48 hours and 72 hours soaking time intervals, the shear stresses are found to be minimum
for 0.5% additive concentration and for O hours and 24 hours soaking time intervals, the shear
stresses are found to be minimum for 0.05% additive concentration. Numerical analysis for
experimental results obtained is performed and the correlations for the rheological parameters are
proposed agreeing well with the experimental data.

In order to optimise and estimate the pressure drop for the slurry flow through pipelines, it
is required to model the slurry flows and estimate the concentration profiles more accurately. Many
researchers have adopted various methods for predicting concentration profiles in slurry pipeline
flows till now. Kaushal and Tomita (2002) found that the particle diffusivity is a varying parameter
which depends upon the total efflux concentration and the static settled concentration as well. They
obtained single value of the coefficient of particle diffusivity for each of the concentration profile.
This model assumes the varying coefficient of particle diffusivity in place of constant particle
diffusivity as considered by Karabelas (1977). The modelling approach is based on the diffusion
model and the assumption that gravitational force of the settling particles in a slurry flow is
balanced by the upward movement of the particles due to particle diffusion. In the present study,
a numerical model for the coefficient of particle diffusivity proposed by Kaushal and Tomita

(2002) is modified after taking into consideration the variation of particle diffusivity along the



vertical distance from the pipe bottom. Experimental data provided by Matousek et al. (2014) and
Krupicka and Matousek (2014) has been used to optimise the coefficient of particle diffusivity at
different locations corresponding to the respective particle concentration. Matousek et al. (2014)
and Krupicka and Matousek (2014) performed experiments on slurries prepared with glass beads
flowing through pipeline and the concentration profiles measured using a highly advanced set up
of y-ray densitometer for different flow parameters. Values obtained for the coefficient of particle
diffusivity are found to be increasing with the increase in vertical distance from the pipe bottom.
Larger particles possess higher values of particle diffusivity. A mathematical expression for the
coefficient of particle diffusivity is proposed which is a function of the vertical distance from the
pipe bottom, pipe diameter, total efflux concentration and the static settled concentration. The
results from the proposed model are found to be closer to the experimental data as compared to
that of the Kaushal and Tomita (2002) model. Standard deviations of concentration profiles from
the experimental data for the proposed model are also reduced as compared to that of the Kaushal
and Tomita (2002) model.
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DI B ST AT ITT T SWHTS g4 aTdl Uh HedqU! U & | T8 PId &1 THR
g Forod 9gd &1 Y 3R TR S AT il & 3R gaT Bt Ui & 94 I arae= &
YU H M R ARG Bl T DS T B IR a1 orar g1 Wa & i &
Tfehan B 39 P o1 IUTNT Uit a1 41g SHTRIZS & foIe U Holed sruamae & =0 o far
STaT g1 Safere, SIS Hid &1 uRded 98 THM W 3aad § | IaHM 3eqa H, Hifh
DI R I & Ui (TR ssguy) & Raaiosmd yggsi &1 faftem uikfRufaal & wemers
T 37609 fHa1 oiTaT § 3R 319-aRa U1 TaTg & ford U1 TR o T0Te o foTe U S=Nferd
Hred IRalfad B

Tt esyuy R RATqiTsa IR 20%, 25% 3R 30% HH GHM JigdT & g
3R I GHUM FGdT 50%, 55%, 60% AR 65% P g gulf Ramfiex &1 IudT axb faan
ST & | H a1 & YTHT TR HeR-1 HieT BT Ha8R TS squy gRT 50% ST YTl
& U Rid foar o1 § SR fiR g8 I= igdl & il SRl & Uddl sgdgR | agaH &
X ST g | b 3 HaRe! &R AT o AT H, Ha-1 A1eT g1 HTBR 60% STHH THTIdl
d Ueid g1 3 | SRfissgud &I firm & 31e-3eT JHY 3faRTa! & 91y Oid HT HaeR
1t S[CHT-3ITRT ST AT § | CCWS T 3fadTe fazes o farar Srdn 8 SR g uran i fos 3
Terlf &1 fAUeH 48 € A B 6T 8 | BIHTT DHId HUI b BISSIBIaD Ui ST-THR T
T U & 1Y 31 yerdf o i & a1 Fiissyud @ S Idg R Wy ¥U 3 fewr
& | HUN GRT AT BT 3R D SR I & TR Db DI B HUI B SATAD IR
TR GHY & 1Y 31N avdl WU &I YHTfad Hll ¢ | gafere, Fafd ardraror 8 39 70 uh
& 7 o fore ARfis sy &t Rararslt Ht Siei-Sre 953 3iaRTd (0 °¢, 24 €¢, 28 ©¢, 48
ge 3R 72 ©¢) R fReifka &1 It 31 Tt & Raaived UdeR § 1%t Igard @1 741 8
3R ArM & Ty SiaRTa ¥ gfg & 91y Wy fufiurge 9 ot 31 arasiRe w0 § Tt
fRUTIT} BT ST ST Yhdl § ST UTSUTS ! BT bTH 7 BT, aol FHeafeR Alsl H Wikl BT HSRUT
3R fafie efifet R Wt R | TRT o Rararol & gxid dedel AlSd o1 SIERUl &l
2, Forad forw vt Rafieiiorpe tRreiter Feffva aik fazawor by oma €1 3 vt aueei &
forT Tedey duR ot MU § e fore srmifaa A vaies et & wry fAee wwad
T 7T & |
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T S9 3R JUTTel! &1 311 ARTd WU S & forg ST o Srafeies digd Tl
o1 IRAG IRIS ¢ | ST, IS Arotes T SUINT Uit faoiel! & @ud ! & 9
3R O & T Hfd H=A & forg foran S & S °iet &) fafdTge &1 &1 @3- § Agg oxdl
| GAAH g H, IS disy HickH grRglazs &1 Ui CCws & fie aisd &
=0 T a1 SITa1 81 20% 3R 25% SO Hisdl a1 CCWS & A1 IR RaAdiorbd TRigon
fhT STd 1 S THM W FIdT 0.05%, 0.1%, 0.5%, 1%, 1.5% 3R 2% TR T H Hiead
EISSIIIES SISdR ¢ [hU oITd & | CCWS P ¥ fyufeurge & te Ayl ulkad— ccws
¥ i sesiREe & afiRed & Ty 3@ T §1 Hiewgw gReleEe & Y
Heiteseguy & A &1 4} 3eT-31er T T & THY {dRTdl a1 0 ©e, 24 °¢, 28 €, 48 He
3R 72 ¢ TR URIeI0T fHan ol 3| TRiesyuy H Hickiy gReIags & A B 4
HARAT a1d R WF FufadTge &4 8 o 81 S SO0l &1 R 20% SoaHH digdl &
forg, 48 € 3R 72 U & IHY SR WR, HaAAT a1 A 0.5% TRTED THTIdl & g
3R 0 €S, 24 T 3R 28 °S & YHY HRIA & 1T, HaR-T a1 U STl § | 2% 1T Al
o foTT <aqH OTT ITd 8 | S FaRAT aR1 o 17T, 48 T 3R 72 ¢ o Y 3faRTd WR, HelRel
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3R 24 €¢ & THY RTA b A, HR-! q1d =LAqH TR ST 8 1 0.05% TTod THRIAT o fard |
T TN UIROMH & folt TReaTe e fa=ele ot fasa SITdT § SR YaNTeTd STl o a1y 3wl
TRE T YeHd 811 & forg Raraioied tRiex & fog vedey Tarfad fu ofd g

TIZUQE-! & H1egH ¥ TIRT UY4TE & ol gard S0 &1 3G a MR SIHH T &
T, TTRT U418 &1 Aisd &A1 3R THRIA WIS BT e Tl SH T a=d g |
H3 AYHASA A 3F b TR GSUdrs- ydre H TRl Wwisd &I Hiasarft s & oy
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GRT A 7Y fARAR ST TR & RIM W S0 TR & f4F 0N B! A ¢ | AT e
TR AISd TR 3T § 3R I8 YR ¢ foh 91 UaTe o 99 aTd S0l 6l oyl §d HUl
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TT 37d | (2014) 3R FHIUBT 3R ATCRE (2014) - TSI o HILTH F §- dTdl Hid &b Al
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fererer +fh pm fpT MU R
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