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ABSTRACT

4391004063: Petrochemical Technology Program
Siriluck Suksamranchit: Turbulent Wall Shear Stress Measurement
in Aqueous Solutions Containing Poly(ethylene oxide) and
Hexadecyltrimethylammonium Choride Complexes.
Thesis Advisors: Assoc. Prof. Anuvat Sirivat and Prof. Alexander
M. Jamieson 247 pp. ISBN 974-9990-11-0

Keywords: Turbulent wall shear stress/ Poly(ethylene oxide)/ Cationic

surfactant/Hexadecyltrimethylammonium Choride/Couette flow

Turbulent drag reduction in Couette flow was investigated in term of wall
shear stress measurement for aqueous solutions of a nonionic polymer, poly(ethylene
oxide) (PEO), a cationic surfactant, hexadecyltrimethylammonium choride (HTAC),
and their complexes. Drag reduction can be observed for PEO solutions above a
critical molecular weight, 0.91x10° < M, < 3.04x10°. Minimum wall shear stress
occurs at an optimum concentration, ¢'peo, Which scales inversely with molecular
weight, and the %maximum drag reduction increases with molecular weight. For
aqueous HTAC solutions, wall shear stress decreases with increasing HTAC
concentration and levels off at an optimum concentration, C HTAC, comparable to the
critical micelle concentration. For PEO-HTAC mixtures, the critical PEO molecular
weight for drag reduction decreases, interpreted as due to an increase in
hydrodynamic volume because of binding of HTAC micelles to PEO. Consistent
with this interpretation, at fixed PEO concentration, minimum wall shear stress is
observed at an optimum HTAC concentration, C HTAC/PEOs comparable to the
maximum binding concentration, MBC. For the aqueous PEO-HTAC in salt
solutic;ns. addition of salt reduces the hydrodynamic radius of PEO-HTAC complex.
These observations are consistent with the scenarios of the polymer chain contraction
via electrostatic screening and the dissociation of multichain complexes. The
minimum wall shear stress measurement of the aqueous HTAC solution occurs at the

optimum HTAC concentration; its value decreases with increasing ionic strength. For
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the aqueous PEO-HTAC solution titrated with HTAC, wall shear stresses upon
addition of HTAC beyond the respective CMC values are strongly reduced as ionic
strength increases. For the aqueous PEO-HTAC solution titrated with PEO,
minimum wall shear stress occurs at an optimum PEO concentration, which is

smaller than that of pure PEO, and whose value increases with ionic strength.
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different PEO concentrations for aqueous solutions
containing 50 mM HTAC + 50 mM NaSal + PEO of My, 1 x
10° g/mol at 30°C: (Q) PEO 1 g/I; (O0) PEO 5 g/l and (A)
PEO 10 g/l.
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FIGURE

7.6

Tk

Effect of HTAC concentration on G’(®w) and G”(w) for
aqueous solutions containing equimolar amounts of HTAC
and NaSal at 30°C: (a) No PEO and (b) With 5 g/l PEO of
M,y = 1 x 10° g/moie: (O) G’ for HTAC 25 mM; (@) G” for
HTAC 25 mM; (J) G’ for HTAC 50 mM; (M) G” for
HTAC 50 mM; (A). G’ for HTAC 100 mM; and (A) G” for
HTAC 100 mM.

Reduced Cole-Cole plots of G”/G’., versus G’ /G’ (scatter)
together with fits to the Maxwell model at different HTAC
concentrations for equimolar NaSal/HTAC solutions without
and with PEO of M,, =1 x 10’ g/mol at 30°C: (a) No PEO
and (b) With 5 g/l PEO: (i) HTAC = 25 mM; (ii) HTAC 50
mM and (iii) HTAC 100 mM.,
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My

PEO

PEOI

PEO3

PEO6 '
PEO9

PEO20

PEO1 40
HTAB, HTAC
CTAB, CTAC
NaSal

CMC

CAC

MBC

SCU

DCU

Xx11

ABBREVIATIONS

Molecular weight of sample

Poly(ethylene oxide)

Poly(ethylene oxide) quoted My, = 1 x 10> g/mol
Poly(ethylene oxide) quoted M, =3 x 10° g/mol
Poly(ethylene oxide) quot'ed My, = 6 x 10° g/mol
Poly(ethylene oxide) quoted My, = 9 x 10° g/mol
Poly(ethylene oxide) quoted M,, = 4 x 10° g/mol
PEO1 concentration of 40 ppm
Hexadecyltrimethylammonium Bromide and Choride
Cetyltrimethylammonium Bromide and Choride
Sodium Salicylate

Critical Micelle Concentration

Critical Aggregate Concentration

Maximum Binding Concentration

Single Couette cell

Double Couette cell



[HTAC]/[NaSal]
C.PEO

C HTAC

.
C HTAC/PEO

Dapp
Dem
D,
Ry

xx111

LIST OF SYMBOLS

Drag reduction

Temperature

Inner radius of bob

[nner radius of cup

Outer radius of bob

Outer radius of cup

Bob length

Sample viscosity

Solvent density

Kinematic viscosity

Friction factor of solution

Friction factor of solvent

Wall shear stress

Total torque measuring from double Couette cell
Total torque measuring from single Couette cell

Shear rate

Motor angular velocity

Strain constant

Stress Constant

The mole ratio of HTAC to NaSal

The optimum PEO concentration in aqueous solution of PEO
The optimum HTAC concentration in aqueous solution of
HTAC

The optimum HTAC concentration in aqueous solution of
PEO/HTAC complex

Apparent diffusion coefficient

Center of mass diffusion coefficient

Infinite dilution diffusion coefficient

Hydrodynamic radius



Gmin

Weo

XX1V

Radius of gyration
Shear viscosity
Dynamic viscosity
Specific viscosity
Reduced viscosity
Zero shear viscosity
Plateau shear modulus
Storage Modulus

Loss modulus

The dip of loss modulus in Cole-Cole plot

Frequency

Cross over frequency

Relaxation time

Reptation time

Mean waiting time for micelle of mean length L to break into
two pieces

Entanglement length

Persistence length

Average micellar length



	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Abbreviations

