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Abstract

An experimental study was carried out on drag reduction phenomena in turbulent pipz flow.
Polyethylene oxide and polyacrylamide were extensively used as the drag reducing polymer
additives. The onset wall stress at which the drag reduction begins decreased as pipe diameter
and additive concentrations increased, showing a Reynolds number effect. Meanwhile, the
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laminar-to-turbulent transition was delayed and smoothed above a certain polymer concentra-
tion. The drag reduction increased with concentration and flow rate approaching asymptotic
values, and decreased with pipe diameter for the same Reynolds number flow. The maximum
drag reductions obtained were 88.9% for polyethylene oxide and 84.59% for polyacrylamide,
respectively. These results were correlated by a phenomenological analysis to yield a single
band curve. In respsct to polymer degradation, the polyacrylamide showed better shear stabi-
lity than the polyethylene oxide and thus the former expected to have a sharper molecular
weight distribution which could not be proved by available GPC’s.
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1. circular tank 2. DC generator

3. DC motor 4. rotary pump

5. tank cut-off valve 6. rotameter

7. test section 8. pressure stations
9. manometer 10. three way valve
11. system blow down valve

12. flow rate regulating valve

13. weighing tank

14. system blow down pump

Fig. 1. Schematic Diagram of Experimental
Apparatus

Table 1. Dimensions of Test Pipes

inside total distance *Lte
diameter, length, btwn taps,
(D) ecm cm (Lte) cm
pipe 1 0.45 95 49.7 110
2 0.65 136 80.4 124
3 1.07 300 161.0 151
4 1.65 390 161.0 97
5 2.10 300 161.0 77

* For pipes 1,2,3 Lte/D increases with increa-
sing pipe diameter while pipes 3,4,5 have the
same test length and Lte/D decreases with incre-
asing pipe diameter.
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Table 2. Characterization of Samples

Polymer () dl/g M,%x10"% (DR)f,max (¢),wppm

Polyethy-
lené oxide 169 3.8 88.9 1.6
Polyacry-

lamide 5.4 2.0 84.5 8.2

Table 3. Relative Viscosities of Sample Solu-
tions at 19°C

Conc’n, PEO

Conc'n,
wppm PAM wppm PEO PAM
1. 063 1. 060 89 1.224  1.270
1. 071 1. 067 100 1.263 1.322
10 1. 080 1.078 160 - 1. 490
29 1. 102 1. 105 200 1.431 1.661
30 1.121 1.128 300 1.641 2.033
40 1. 148 1. 158 490 — 2,467
50 1. 161 1. 186 500 2.030  2.991
60 1.182 1.213 1000 3.421  6.723
70 1. 202 1. 240
1 BR Y BE
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Table 4. Onset Wall Shear Stress for PEO
(unit : dyne/cm?)

diameter, concentration, ppm
cm 3 10 20 80 100
0.45 120(10) 80(5) 55(5) * *
0. 65 3003 22(2) 16 * *
1.07 24(2) 192 142 9(1) *
1.65 19(2) 12(1) 8(0.4) 4(0.3) 2.8(0.2)

2.10 16(2) 9(0.5) 7(0.4) 2.7(0.2) 1.4(0. 1)

i) numbers in parentheses denote probable
errors(+sign was omitted for simplicity)
ii) onset points not in fully turbulent regime
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