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Comparison of Viscosity Measurement of a Liquid Carbon Dioxide
Used for a High-Pressure Coal Gasifier
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*School of Mechanical Engineering, Pusan National University, Busandaehak-ro,
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Abstract >> In this study, the viscosity of a liquid carbon dioxide (LCO») that can potentially be used in a wet
feed coal gasifier was evaluated. A pressurized capillary viscometer was employed to obtain the viscosity data
of LCO, using two different methods. During the first method, the measurements were conducted under quasi-steady
and high pressure flow conditions where two-phase flow was greatly minimized. The viscosity of LCO, was
determined using turbulent friction relationship. At the second flow condition where unsteady flow is induced,
the viscosity of LCO, was measured using the half-time pressure decay data and was further compared with values
calculated by the first method.

Key words : Coal gasifier(5&F 7}43}7)), Liquid carbon dioxide (LCO2)(HA} oAk ERA), Viscosity(F4]), Capillary
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viscometer( XAl 34 7 T A)), Half-time pressure decay(=HE7r A]71), Turbulent friction relationship
(5 o 4)

Nomenclature C : compressibility
Vol : volume of upstream chamber, m’
P : pressure, N/m’ h : head loss, m
g gravity acceleration, m/s’ h : current liquid height in upstream chamber, m
d  : capillary tube diameter, m r : half height (i.e., radius) of upstream chamber, m
z : elevational head, m 1 : width of upstream chamber, m
V. . average velocity at capillary exit, m/s X : difference between half height and current

liquid height (=r-h)

TCorresponding author : jxs704@pusan.ac.kr f + friction factor
Received : 2015.11.10 in revised form: 2015.12.8 Accepted : 2015.12.30 L : capillary tube length, m
Copyright (© 2015 KHNES Re : Reynolds number
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H>O : liquid water

LCO; : liquid carbon dioxide

\Y : volume of upper chamber at initial state
Q : volume flow rate, m’/s

K : proportional constant

Greek characters

p - density, kg/m’

u : viscosity, mPa-s

Subscripts

1 : top section(upstream chamber) of capillary
viscometer
2 : bottom section(capillary tube) of capillary
viscometer
: friction

. wall

o = ™

: Darcy
. capillary
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Fig. 1 Schematic of the experimental setup
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Fig. 5 The variation of friction factor with Reynolds number
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Table 2 Comparison of LCO, viscosities calculated by laminar
and turbulent relationship in present work and previous work”

capillary laminar turbulent previous
tube diameter | relationship relationship work”
(mm) (mPas) (mPa-s) (mPa-s)
0.4 0.188 0.072 0.063
0.6 0.338 0.085 0.063
0.8 0.423 0.065 0.063
1 0.659 0.072 0.063
average 0.402 0.073 0.063

Table 3 Relative viscosities for water/LCO, at quasi steady
state flow condition

Relative Measument
Water (mPa's)| LCO, (mPa-s) viscosity error (%)
0.944 0.073 12.9 +10

HhH Fig. 82 LCO,2] 73-%- half-time pressure decay test
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Fig. 7 Comparison of half-life pressure decay for water at

different pressure conditions

Table 4 Half-life pressure decay time and relative viscosities
for water/LCO, at one fixed pressure condition

Half-life pressure decay .
time Relative | Measurement
Pressure - B o,
Viscosity | error (%)
Water LCO,
85-60 bar| 6.96 sec 4.81 sec 13.4 +4.5
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Fig. 8 Comparison of half-life pressure decay for LCO, at
different pressure conditions
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