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(a) No drag reduction. (b) Drag reduction occur.

(¢) Maximum drag reduction,
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Comparison of using MM as a DRA In previous experimental studies,

Rt

Experimental sysem

Operating conditions

MaxEDR

ARWahaibl et aL |19)

Anarade et al, [16]

Eshrati et al. [17]

Hoyt [14)

Jouenne et al. (8]

Khagom & Abdul-Hadi [19]

Liberatore et al. [20]

Lim & Choi [21]

Pereira & Soares [22]

Pereira et al. [6)

Raei et al. (9]

Sandoval er al. (23]

Sitaramaiah and Smith [7]

sung et ak [5]

Varnaseri et al. [24)

Zhang ex al |25

Actylic pipe

Rotating cylindrical double gap device

Acrylic pipe

Pipetine

Pipelines
Carbon Steel
PVC tubing

Pipetines

Recrangular flow channel having a flar wall and a

wavy wall

Rotating disk apparatus

Axial symmetric double gap geometry

Axial symmetric double gap geometry

Double tube hear exchanger

Pipe flow
galvanized steel pipes

Pipe flow

Steel pipe

Rotating disk apparatus

Compact heatr exchanger

horizontal smooth circular tube

Water and OIL{PAM Sodium Acry late)
0 0.1-0.8 mjs

C: 20-50 ppm

D: 14 mn

Water, PAM (Mw: 5 « 10* gimol)
He: 1360, 1570

C: 50 ppm

water and O, (PAM, Mw: 12 MDa)
Ke: 35.000-65,000

u: 06-1.5 mjs

€5+ 30 ppin

D: 306 mm

Water

MM and Fernic ions

Be: 104 - 2 % 10°

€ 1-20 ppm

0: 254 mm

Water, HPAM (MW 18 MDa)

Ke: max 561438

Q: max 242 m'/n

C: max 2000 ppm

D: max 152 mm

Crude oil, PAM (3 » 105 grmol)
Re: 6064-36,388

Q 2-12m'/n

D: 1.91-5.08 mm

Tap water, PAM (2.5 x 105 g/mal)
Re: 48,000

C: 200-1000 ppm

Water, PAM (18 = 10° gimol)
N = 3 % 10°

w: = 750 rpm

C: 135 wppm

Water, PAM (5 x 10% gimol)

Re: 1360-1600

C: 50, 100 ppm

. max 3000 rpm

Water, PAM (MW:5 x 10° gimol)
Re: max 1360

C: max 37.5 ppm

Water, PAM (5 x 105 gimol)

Re: 18,000 - 40,000

C: 0-100 ppm

Filtered water, PAM (5 x 10° gimol)
Ke: 85.000-110,000

C: 25-200 ppm

D: 1635 mm

Distillare warer, 1ap warer, brine,
PAM (MW: 3.1-63 » 10f g/mol)
Q: D.45-43 m3/n

C: 100-1000 ppm

D: 3.175 mm

Distillate warer, PAM (5.5 x 10° gymol)
C: 10 -50 ppm

Np, =3 x 107

w: > 2800 rpm

Pure water, MM (5 x 10° gimol)
Re: 200 -1400

C: 0-150 ppm

AirWater, PAM (18 x 105 gjmoi)
Re: 3892-12,025;

Vis: 0.52-1.46 mjs

C: 300 ppm

D: 40 mm

M

55

80

24

2
XDR: Negligible
AHTR: max 25

70

TDR: 14
ZHTR: max 28

ZDR: 547
THTR: max 703
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Thearies of the concept of DR | 15]
Theory tithe Description Red,

Shear Thinming According to this theory, by thinning the shear stress, the Toms 4]
friction factor of the layer near the wall is lower than that of
pure solvent, and as a result, DR occurs,
Viscoelasticity In this theory, it is assumed that the drag reduction polymer Astarita | 16
solution is a viscoelastic and the DR is due to the lass of
energy in the turbulent flow due to its viscoelastic properties,
Molecular Stretching Elastic properties and continuous deformation of the DRA De Genmes [ 37), Tulin | 14), Lumbey [13.38,39)]
molecule, causing damping of fine eddics and dispersing
turbulent energy, & 4 result, DR occurs,
Decreased Turbulent Dissipation This theory Is based on the dispersion of turbulent energy by Kostic [ 15
fine eddy and DR due to suppression of turbulence by the
DRAs. In other words, the absorption of energy from the
turbulent vortices by the extended polymer molecules causes
the DR
Vortex Stretching In this theory, the extended (enlargement. stretching) of the Gadd [40], Virk [41.42]
vortex near the wall causes to stretch of polymer molecules
and create tensional stress along the flow lines and the DR is
caused by the system's resistance to this phenomenon. This
theory emphasizes an the role of the region outside the
laminar sublayer,
Non-isotropic properties According to this theory, shear flow causes the polymer Kostie [35), Virk |41 42)
chains o be transformed and consequently, change the
viscosity of the solution. On the other hand, the amount of
shear force and viscosity is directional {non-isotropic) and
this property is considered as the DR source. In other words,
with the extension of polymers. the turbulence structure
changes due to anisotropic role of stress, viscosity amd
elasticity, and because of the entropy change, DR occurs.
Laminarization of Turbulent Flow In this theory. the DR is described as a direct measure of the Kostic [ 15
flow relaxation by DRAs. In fact, relaxing the turbulent flow
reduces fluid energy loss and helps DR. Also, suppressing
speed Nuctuations in turbulent flow with the help of DRA
can achieve maximum DR.
Viscos Sublayer Extending the polymer molecules outside the viscous Tulin |14), Lumbey [13.33.39], Vick |41.42]
sub-layer and thus, increasing its thickness reduces the
velocity gradient near the wall and creates DR
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1- stratified, 2- stratified wavy, 3-stratified with mixing at the interface (or drops at

the interface), 4-dispersion of oil in water and water in oil, 5-dispersion of oil in

water and water layer, 6-dispersion of water in oil and oil layer, 7- complete

dispersion of oil in water and complete dispersion of water in oil flows
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(a) Stratified flow (b) Dual continuous flow
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(¢} Dispersion of otl in water flow (d) Dispersion of water in o1l flow
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