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HOLDUP AND PRESSURE DROPS OF COCURRENT FLOW OF GAS-LIQUID
AND GAS-LIQUID-SOLID MIXTURES IN A VERTICAL PIPE

Nobuyuki HIDAKA

Gas holdup, total pressure drop and frictional pressure loss for gas-liquid and gas-slurry cocur-
rent flows were measured in vertical pipes. The slurry was a mixture of water and glass spheres
with an average diameter of 28um, and behaved like as a homogeneous liquid at mass fraction of solid

particles in slurry lower than 0.45.
The gas goldup, € ,, was represented by

€ .= [Uy/ 11.2(Ug+Uy) +0.35 VgDl ] (e/ae1) **

The frictional loss per unit pipe length, AP¢/L, was correlated as

APy/L=0.002( P US2/Dp) {1+ (P ,U/ P U
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Fig. 1 Schematic diagram of experimental apparatus.

1. Tank 6. Rictifying tube
2. Pump 7. Valve
3. Compressor 8. Trap

4. Oil-mist separator 9. Manometer for gauge pressure
5. Orifice meter 10. Manometer for pressure difference
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Fig. 2 Relationship between f and Re for slurry
flow.
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Fig. 3 Experimental results of gas holdup for gas-
liquid and gas-slurry flow systems.
: Calculated from Eq.(5).
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Fig. 4 Experimental results of gas hlodup for gas-
slurry flow systims.

: Calculated from Eq. (5).
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Fig. 5 Effect of liquid viscosity on V.
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Fig. 6 Flow model for force balance.
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Fig. 7 Total pressure drops for gas-liquid and gas-

slurry flow systems.

: Calculated from Eq.(5),(11) and(12).

Fig. 8 Total pressure drops for gas-slurry flow sys-
tems.

: Calculated from Eq.(5),(11)and (12).
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Fig. 9 Frictional pressure loss for gas-liquid and
gas-slurry flow systems.
: Calculated from Eq.(12).

Martinelli’s Eq.
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Fig. 10 Frictional pressure loss for gas-slurry flow
systems.
: Calculated from Eq.(12).

Martinelli's Eq.
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Fig. 11 Correlation of frictional pressure loss.
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Nomenclature

C, = mass fraction of solid particles in slurry
[-]
D+ = pipe diameter [m]
= friction factor (-]
= gravitational acceleration [m?/s]
L = length between pressure taps [m]
AP = total pressure drop [Pa/m]
AP; = frictional pressure loss [Pa/m]
Re = Reynolds number [—]

U, = superficial velocity of liquid or slurry [m/s]
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1)

2)

3)

= superficial velocity of gas [m/s)
= gas rising velocity [m/s]
= gas hlodup [—]
= solid hlodup in slurry [-]
= € s at settled condition [-]
= viscosity of liquid or slurry [mPa-s]
= viscosity of water [mPa-s]
= density of gas [kg/m’]
= density of liquid or slurry [kg/m?]
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