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Abstract

Turbulent drag-reduction efficiency of
polyisobutylene with three different, very high
molecular weights was studied in a build-up
closed loop gas oil circulation system. The
turbulent mode was produced via a positive
displacement gear pump to avoid mechanical
degradation of polymer chains during the
experimental period. Three molecular weights
2.9%10°% 4.1*10° and 5.9*10° g/mol dissolved
in reformate were used as additives in order to
investigate the effect of molecular weight on
drag-reduction rate. The effect of polymer
concentration was investigated over a range up
to 70 wppm in gas oil flow Reynolds number
8341 to 35747 as well as in 1.25 inch inside
pipe diameter. A gradual increase of drag
reduction and throughput was achieved by
increasing the polymer concentration and gas
oil flow rate. Friction factor was calculated
from the experimental data. For untreated gas
oil pipelining, friction factor values lies near
Blasuis asymptotes. While by addition of
polymer drag reducer into the flow, the friction
factor values were positioned towards Virk
maximum drag-reduction asymptotes,
noticeably for the highest molecular weight
type. Furthermore the investigation showed
that the degree of molecular weight is
significantly in drag reduction performance.
Correlation equations were suggested to
predict the effect of flow parameters,
concentration, flow rate and finally polymer
molecular weight on pressure drop reduction.
The results of the correlations showed good
agreement between the observed and predicted
pressure drop reduction values, with a higher
than 97% correlation coefficient.

Keywords: Drag reduction, High molecular
weight polymers, Turbulent flow.

Introduction

Generally large amount of energy loss
due to friction occurs in many cases of
turbulent flow. However, it is well known that
turbulent drag reduction which is drastic
reduction of frictional resistance can be easly
observed by injection a minute amount of
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polymeric additives in turbulent flow @.
Treated solvents undergoing a turbulent flow
in a pipe thereby require alow pressure drop to
maintain the same volumetric flow rate.

The industrial application of drag
reduc-tion can be found in many areas such as
pipelining of crude oil and its fractions®, fire-
fighting ® and closed-circuit pumping
installations, such as cent-ral heating system ©.
The first major application Trans-Alaska ail
pipeline system @. These applications showed
the high ability of polymers in reducing drag
and increasing oil flow rate without the need
for any additiona pumping power or new
pipelines.

Various drag-reducing additives are
available, such as flexible long- chain
macromolecules, colloidal surfactants and
suspension of fine, insoluble particles ©.
Effective polymeric Drag- reducing additives
are considered to be flexible, linear with high
molecular weight, such as polyethylene oxide,
polyacrylamide and polyisobutylene ©.

Polyisobutylenes are highly olefine
hydrocarbon polymers, composed of long,
straight chain macromolecules containing only
chain- end olefin bonds. This molecular
structure leads to chemical inertness and
resistance to chemical or oxidative attack, and
solubility in hydrocarbon solvents .

The dependence of drag reduction
efficiency is known to be a function of
polymer molecular  weight, polymer
concentration, and the degree of turbulence.
However, the usage of these polymers is
limited because of their susceptibility to flow
induced  mechanical  and/or  chemica
degradation of the polymer molecules and
marginal economic incentive, have slowed its
exploitation ®©,

Experiments show that the higher of
molecular weight, the more effective a given
polymer as a drag reducer Y. Polymers with a
molecular weight below one million seem to
be ineffective. The longer polymer chain
provides more chance for entanglement and
interaction with the flow. It has been
confirmed that the extension of the polymer
chain is critical for drag reduction. The most
effective drag reducing polymers are
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essentialy in linear structure, with maximum
extensivity for a given molecular weight. Poly
(ethylene  oxide), polyisobutylene and
polyacrylamide are typical examples of linear
polymers 9.

The major objective of the present work is
concerned with the studying the effect of
molecular weight of polymeric additives on
effectiveness of drag reduction on gas ail
turbulent flow. Three potentially economically
available polyisobutylene polymers (Oppanol
types) with different molecular weights
ranging between 2.5 to about six million have
been studied in a laboratory scale turbulent
pipe flow loop.

Experimental work

The drag-reducing polymers were
polyi-sobutylene types Oppanol B 150, 200,
and 250 of molecular weight 2.6, 4.1 and 5.9
million respectively which purchased from
BASF Company, Germany. Light gas oil
supplied from Al-Durra refinery, was used as
pipelining liquid, reformate of 58 API gravity,
supplied from Al- Durra refinery was used to
dissolve the three Oppanol B polymers.

The method of solution preparation
adapted here was to make 2 % by weight
concentration using an electrical shaker, type
Kottermann 4010, Germany, to avoid polymer
degradation. Homogenous solutions were
obtained, after 2, 3 and 5 days shaking at room
temperature for Oppanols B 150, B200 and B
250 respectively.

The drag reduction experiments were
carried out in an available laboratory
circulation loop ™, as shown in figure (1). The
0.49 m® reservoir tank was supported with
seamless carbon steel pipes of 1.25 inch inside
diameter in addition to 2 inch by pass to
control the flow. The test sections of 3 m long
were placed away from the entrance length
required. A gear pump of 1440 rpm was used
to deliver the fluid at high turbulence.

Percentage drag-reduction (%DR)
was calculated based on pressure drop data
through the test section, as follows ©

%DR. = APuntreated B AF)treated *100 1
AF:'untreated
Where:

AP oreaed 1S the friction pressure drop for
untreated gas oil

AP exeq fOr treated gas oil, both measured at
the same volumetric flow rate.

Resultsand Discussion

Pressure drop of flowing treated gas oil was
measured at the two points of the test section.
The values of pressure drop saving are
calculated between measured pressure drop in
the test section for untreated gas oil and those

for gas oil a a given flow rate and pipe
diameter, as follows

AP decrease = AP untreated — AP treated 2

£

ﬁ’

Tank (reservoir) [ Fetumed pipe
Gear purmp [Elo.0m175 m pipe
Flovwnmeter

Manometer
Test section
Valves

Lo

CM

Fig. (1) Schematic diagram for the experimental apparatus
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The data of pressure drop decrease is
illustrated in fig.2 for polyisobutylene of 2.5 *
10° g/mol molecular weight, fig.3 for
polyisobutylene of 4.1 * 10° g/mol and figs.4
for highest molecular weight additive of 5.9 *
10° g/mol. All data are measured at different
concentrations, flow rates and constant pipe
diameter. The figures show, that the achieved
decrease in pressure drop is a function of

additive concentration, its molecular weight
and fluid flow rate. It was noticed that, the
degree of molecular weight is predominate in
saving of pressure drop values. Those the
highest molecular weight additive gives the
lowest pressure drop required for pipelining of
gas oil and resulted in more energy saving
compared with those of lower molecular
weight
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Fig. (2) pressure drop reduction for Oppanol 150
flowing through 1.25 inch I.D pipe

Fig. (3) pressure drop reduction for Oppanol 200
flowing through 1.25 inch 1.D pipe
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Fig. (4) pressure drop reduction for Oppanol 250 flowing
through 1.25 inch I.D pipe
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Figures 5, 6 and 7 represent the effect of
additive concentrations and solution flow rate
on drag reduction  effectively  for
Polyisobutylenes (Oppanol B) of 2.5, 4 and 5.9
millions g/mole molecular weight respectively.
The figures show that drag reduction increases

as polymer concentration increases for the
three different molecular weight polymers.
This phenomenon can be explained by the
elastic-sublayer model theory of Virk @, This
sublayer starts to grow with increasing additive
concentration
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Fig. (5) Effect of concentration on percentage drag
reduction for Oppanol 150 through 1.25 inch 1.D pipe
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Fig. (6) Effect of concentration on percentage drag
reduction for Oppanol 200 through 1.25 inch 1.D
pipe
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Fig. (7) Effect of concentration on percentage drag reduction for Oppanol 250
through 1.25 inch I.D pipe
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It is observed from figures 5-7 that the drag
reduction rate increases with flow rate
(Reynolds number) for fixed pipe diameter.
Increasing the fluid velocity means increasing
the degree of turbulence inside the pipe, this
will provide a better media to the drag reducer
to be more effective.

This behavior agrees with Berman and his
workers @ @9 in which reported that an
increase in the strain rate and a decrease in the
time scale. Then the elongation reaches a
constant level for a given solution and pipe
diameter when no other limits are present.

Furthermore, figures 5-7 indicate that the
molecular weight of additive is predominate in
achieved percentage drag reduction. The effect
of molecular weight of Polyisobutylenes
additives on the flow performance of gas ail is
summarized in tables 1 and 2 for different
concentrations and flow rates respectively.
Thus, about 19% drag reduction was obtained
by using 50 wppm Oppanol B 250
(MW=5.9¥10° g/mole),while the values for
low molecular weight polymers, B 200
(4.1*10° g/mole) and B 150 (2.5%10° g/mole)
were about 11.5% and 9% respectively at the
same operating conditions (6 m*hr flow rate,
50 wppm concentration, 1.25 inch internal pipe
diameter). This observation supported the fact
that the dependence of drag reduction
efficiency is known to be a function of
polymer molecular weight. Since longer and
linear polymer chains provide more chance for
entanglement and interaction with turbulent

flow resulted in reducing of drag forces %,

Table 2 combined effect of polymer molecular weight
and flow rate on %DR, 1.25 inch pipe diameter, 50
wppm
Flow Oppanol | Oppanol Oppanol B
rate, B 150 B 200 250
m3/hr %DR %DR %DR
4.2 8 10 14.3
5.2 8.6 10.6 17.3
6 9.5 11.9 18.7

It is wuseful to represent the
effectiveness of polyisobutylene of different
molecular weights as drag-reducers in the form
of Fanning friction factor (f) @ as:

. _AP.D/4L 5

pU 2 /2

Table 1 combined effect of polymer molecular
weight and concentration on %DR, 1.25 inch
pipe diameter, 6.0 m3/hr flow rate

Polymer | Oppanol | Oppanol | Oppanol
conc., B 150 B 200 B 250
wppm %DR %DR %DR

15 6.9 7.0 7.0
30 7.8 85 105
50 9.5 119 18.7
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Where:

f = Fanning friction factor.

AP= pressure drop, Pa

D = pipeinside diameter, m.

L = distance between the pressure taps, m.
U= velocity, m/s

p= density of the fluid, Kg/m®

Selected samples of the experimental
results for friction factor data are illustrated in
figures 8. This figure shows that friction factor
decreases by increasing the polymer molecular
weight, which resulted in an increase of drag-
reduction.

It can be noticed that, with low polymer
molecular weight is 2.5*10° (Oppanol 150),
most of the experimenta data points, are
located at or close Blasuis asymptote, which
give an indication that the starting points of the
operation are close to that of the standard
operation conditions suggested in the
literatures. At high molecular weight and high
flow rates, the experimental data points are
positioned in the direction of lowering friction
towards Virk asymptote that represent
maximum limits of drag reduction. This give
the idea that, to reach such an asymptote,
higher molecular weight and Re are needed for
each pipe diameter. But, it must be considered
that higher concentrations should not affect
solvent properties, also by considering the
economical costs of raw material of drag
reducing agents, therefore it was difficult to
reach Virk asymptote without affecting the
investigated solvent properties.
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Fig. (8) Friction factor versus Reynolds number at different
polymer molecular weights, at 50 wppm concentration through 1.25

inch I.D pipe

The experimental results show, that the drag- between theoretical and experimental data,
reduction efficiency is to be a function of with correlation coefficient value of 0.973.
polymer  molecular  weight, polymer . — .
concentration and the degree of turbulence Table_ 3 Va_iu&s of t_he c_orrelatlons coefficients in
(flow rate). The primary end use of drag equation 4, using 1.25 pipe diameter
reducers is usualy to increase the flow rate bl 1.8309
(throughput increase) without exceeding the b2 0.0935
safe pressure li _mits within the flovy system. b3 0.3946

The evaluation of drag-reduction rate was b T03971
done experimentally by measurement of -
pressure drop in a test section of the fully bS 0.5642
developed flow. It was useful to find b6 0.2331
correlations to predict the pressure drop values b7 0.8674
based on flow conditions such as polyr?gic Variance 0.9461
molecular weight, concentration, flow rate 7 Correlation coefficient 0.973

The dependence of pressure drop reduction
(PDR) with molecular weight, polymer
concentration and flow rate, is fitted as
follows:
PDR=b1+b2* M* Q* (C)"b3+b4* Q"(b5)* (C “'%;
)Ab6*(|\/|)’\b7 4 o - - - - R R TR :,,,,,%,,,,.,: ,,,,,,

o l l l .0

Where: So®T o [ ;”**‘.”*“; ******
M = molecular weight in g/mole z ] ; ; e e 00 ;

C = concentration in wppm gfﬂ i ;’””;’”’i;"}:.’j ””” o
Q = flow ratein m¥hr e Y P e [ ]
The values of the constants b1, b2 b3, oo '} t r‘“ | | |
b4, b5, b6 and b7 where give the best fitting of ol 0 22%° I ]

the experimental data were computed by 7 '_'3‘ | | | |
Statica program, as listed in table (3). o+ 1 —
0.0 0.1 0.2 0.2 0.3 0.4 0.5

Figure (9) show the relation between the

. predicted value
observed values of pressure drop reducing

taken form experimental data and the predicted
values from mathematical correlation. It can be
noticed that most points lie at or close to the

Fig. (9) Predicted versus observed values of pressure
drop reducing

straight line, which means a good agreement
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Conclusions

1. The three types of polyisobutylene of
different molecular weights investigated (B
250, B 200 and B 150) were found to be
effective drag reducing agent when used in
turbulent gas ail pipelining. For each polymer
type, percentage drag reduction was found to
increase by increasing the polymer
concentration and solution flow rate.

2. It was noticed that, the degree of molecular
weight of polyisobutylene polymers is
predominate in the rate of drag reduction.

3. The highest molecular  weight
polyisobutylene B250 treated gas oil shows the
greatest degree of flow capacity increase,
approaching the maximum drag-reduction
asymptote of Virk.

Nomenclature

Symbol Meaning Unit
AP Pressure drop [N/m?]
D Pipe inside diameter m
L Testing section lenght m
Molecular weight of
M g/mole
polymer
Polymer
c concentration e
Q Flow rate M3hr
Greek ] .
M eaning Unit
letters
f Fanning friction i
factor
u Fluid velocity m/s
p Fluid density Kg/m®
Abbreviations
%DR Percentage drag -
reduction
Pressure drop
PDR reduction
References

1. W.M Kulicke and M .koetter, "Drag
reduction phenomenon with special
emphasis on homogenous polymer
solutions in polymer characterization”
Adv.Polym.Sci.89, 1-68, 1989.

2. 2. E. D Burger, W. R. Munk and H. A.
Wahi, “flow increase in the trans
Alaska pipeline using a polymeric Drag
Reducing Adduitives®, J. Petroleum
Tech. Feb. 1982, 377-386.

3. H.J.Choi, C.A.Kim, JI1.Sohn and H.S.
John, "An exponential decay function
for polymer degradation in turbulent
drag reduction"”, polym.Degrad.Stab. 69,
341-346, 2000.

NUCEJ val.11, No.1,2008

4.

10.

11

12.

13.

14.

15.

16.

R.H. Sellin, JW. Hoyt and O.Scrivener,
"The effect of drag-reducing additives
on liquid flows and their industrial
applications’, JHydraulic RES. 20,29-
68, 1982.

H. Usui and T. Saelel, "Drag Reduction
and Heat Transfer reduction by Cationic
Surfactants’, J. chem.. Eng. Japan,
vol.26, No.1,103-106,1993.

H.J. Choi, JH. Sung, S.T. Lim, C.M.
Kim and H. Chung, "Mechanica
degradation Kinetics of Polyethylene
Oxide in a turbulent flow", J. Korea
Australia Rheology, 16 (2), pp 57-62,
2004.

GTA-BASF engineers, Drag Reduction
Seminar, Northern Petroleum Co.
Kirkuk, Irag, Feb.1985.

E. D. Burger, L.G. Chorn, and T.K.
Perkins, “studies of DR conducted over
a broad range of pipeline conditions
when flowing pradnoe by crude oil”
Journal of Rheology, 24 (5), 603-629,
1980.

Myska, J. lin, Z.; Stepanek, P.; and
Zakin, JL.: “Influence of Sdts on
Dynamic Properties of Drag Reducing
Surfactants”, J. Non-Newtonian Fluid
Mech. 97, 2001,251-266.

H.Thiel, "Turbulent flow of hetrogenous
polymer solution in articaly roughened
pipe", Drag reduction fluid flow, Editor,
R.H. Sellin and R.T. Moses, 1989.

JW  Hoyt, “Drag reduction”, in
Encyclopedia of Polymer Science and
Engineering, vol. 5, 1986.

E.S.Niazzi, Ph.D Thesis, Nahrian
University, Probable 2006.
Virk, P.S. “Drag reduction

fundamentals” AICH, journal, Val. 21,
No.4, 625-656, (July, 1975).

N. S. Berman, et a., An observation of
the effect of integra scale on drag-
reduction, AICHE J. 24, 124, 1978.

N. S. Berman, Flow time scales and
drag-reduction, phys. Fluids, IUTAM
symposium, 1977.

Haidar M. Al-Qamaje, M.Sc thesis,
“effect of molecular weight on turbulent
drag reduction with polyisobutylene
additives”, Nahrain university,
Baghdad, 2006.

Turbulent Drag Reduction 58



Ol 92 03 sl g Adaa) gy (3l slauaY) ABLeY) QS Ao (o sad) (3 gl S

G55 (3hga s e Joddd il L
K= DY Uy SI.M\
) ey | & el Aanigl) oA Ay [ shiasSl) Auasigh) ol

-

raadAl

ol e Adlae A e o) 3l SO a5 g Sy Al L Rashie (A ol ) ddleY) i Al o
A e gl JuSlad  SlSaall i) Criail Ao gl A Y1 Adiiae Ao 50 () plaa) Gl el o Jseandl 5 0l g g )
5 VREY YR e el ol Al e Jia 5 Cae il 8 dillae OS5 e daadid) < el gl
Gy g i) gl 38l saly 5 e Jilis o el ool Dl A0 Ganer Aall gosllale Y exe
Ll

w\u\:v‘);.“a.:‘)uécﬁjﬂc By Ooledl o 3a Vo Q\Ma;mh&d\u\ﬂ;ﬂ\ )95)3),}3\3‘)\.\3;\?3
S50 3k 3y ABe W) QS 3 5 paiene B0l ) Jumad il VYo Jaly hady (sl 8 YOVEY I AYEY dgasy Salghy ) daey
D G gl de e g cciliad) sad o)

hae olatls Jalaa L) SNy 3l ASAY) Jalae o a5 A8e Y1 (il Aleal) il (po AEAY] Jalae a5
a0 (53 gl Aals @lleY) (i ) jad g bl tie @y slan pai KAV Jalae o 4aT Lain o gl
ABleY) J e e M) sl sl i ) g g adi leal) il Lo

0ol 1l s el de eGSO A g cohoall dashie cOlbae il il Ayl C¥alae )8 o

5 ble dianiiall haall b ad o ouS Gl A pds OVl # aaall bgas 85 (amliadl e 5l
%Y e Slet dn Lnedil) Vbl (e 4 gusdl)

NUCEJ vol.11, No.1,2008 Shanshool, Al-Qamaje 59



This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.



