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A Study on the Drag and Heat Transfer Reduction Phenomena
and Degradation Effects of the Viscoelastic Fluids
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ABSTRACT

The drag and heat transfer reduction phenomena and degradation effects of drag reducing
polymer solutions which are known as the viscoelastic fluids are investigated experimentally
for the turbuler}t circular tube flows. Two stainless steel tubes are used for the experimental
flow loops. Aqueous solutions of Polyacrylamide Separan AP-273 with concentrations from
300 to 1000 wppm are used as working fluids. Flow loops are set up to measure the friction
factors and heat transfer coefficients of test tubes in the once-through system and the recir-
culating flow system.

Test tubes are heated by power supply directly to apply constant heat flux boundary con-
ditions on the wall. Capillary tube viscometer and falling ball viscometer are used to measure
the viscous characteristics of fluids and the characteristic relaxation time of a fluid is determined
by the Powell-Eyring model.

The order of magnidude of the thermal entrance length of a drag reducing polymer solution
is close to the order of magnitude of the laminar entrance length of Newtonian fluids. Dimen-
sionless heat transfer coefficients of the viscoelastic non-Newtonian fluids may be represented
as a function of flow behavior index n and newly defined viscoelastic Graetz number. As deg-
radation continues viscosity and the characteristic relaxation time of the testing fluids decrease
and heat transfer coefficients increase. The characteristic relaxation time is used to define the
Weissenberg number and variations of friction factors and heat transfer coefficients due to
degradation are presented in terms of the Weissenberg number.
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Table 2. Characteristic relaxation time (ir, 5)
and diffusion time(td, s) of the de —
grading polymer solution

Concent.| 300wppm | 700 wppm |1.000 wppm

ime tr td| tr | td | tr | td
Hour

0 0.166]12.20(0.260[72.35|0.780|150.42
1 0.1551 9.37/0.202|67.54{0.445(125.43
3 0.101} 8.03|0.130|55.73)0.352[100.68
5 0.033| 7.5410.065)45.65|0.260{ 90.34
8 0.021| 6.43[0.044}39.65/|0.160] 82.64
125 ]0.018| 6.03{0.021|30.52{0.085| 77.18
235 — | — [0.020/29.89(0.060( 72.83
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