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A considerable amount of drag reduction is observed in various 
flow regimes for two-phase gas-liquid flow of drag reducing 
fluids. [Greskovich and Shrier (1971), Rosehart et al. (1972), 
Otten and Fayed (1  976), Sylvester and Brill (1 976), Thwaites et 
al. (1976) and Attal(1978)l. Various attempts have been made 
to correlate the amount of drag reduction, but comparison with 
single phase flow of drag reducing fluids has not been done in a 
satisfactory manner. 

It is well known that single phase flow of drag reducing fluids 
exhibits a diameter effect. In order to account for this, a plot of 
percent drag reduction versus friction velocity, u*,  in the 
absence of a polymer additive gives a simple method of estimat- 
ing the amount of drag reduction for a given flow rate and pipe 
diameter. For two-phase flow no such comparison has been 
made. 

A parameter uFP may be defined as, 

similar to that for single phase flow, where APTp is the pressure 
drop for given gas-liquid flow rates without the polymer. 

In the above formula, density of the liquid, pL, is used for sim- 
plicity instead of the density of the gas-liquid mixture. 

Figures 1-3 compare published data for single phase and two- 
phase gas-liquid flow of drag-reducing liquids. Otten and Fayed 
(1976) reported data for various concentrations of carbopol 
using 25.4 mm ID acrylic pipe as a test section, while Rosehart 
et al. (1972) used pipe of 25.4 mm ID and various concentra- 
tions of Polyhall. In both these works slug flow regime was 
observed. Attal (1978) reported data for various concentrations 
of polyacrylamide (Separan A P  30) using a pipe of I3  mm and 
19 mm ID, covering mainly bubble and plug flow regime. 

The comparison of data in Figs. 1-3 over a wide range of bub- 
ble, plug and slug flow regimes for the three different types of 
polymer additives is certainly quite encouraging, and the 
method outlined above seems to correlate both single phase and 
two-phase flow drag reduction data reasonably well. 
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Figure 1. Single phase and two-phase flow draw reduc- 
tion for carbopol 941, [Otten and Fayed 
( 1976)]. 
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Figure 2. Single phase and two-phase flow drag reduc- 
tion for polyacrylamide, Separan AP 30 [Attal 
(1978)l. 

Notation 
D = pipe diameter 

AP,,, = pressure drop per unit len th, L 
u* = friction velocity, ~EG& 

u& = parameter 
p, = liquid density 
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