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FACTORS AFFECTING DRAG REDUCTI ON BY NOI, IONIC 

SURFACTANT ADDITIVES 
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AE STRACT 

P. 

Drag r educt i on by us I ng cel 'ta i n po I yo:~ye thy I e ne ... i coho I n0 I1 -1 on i c 
surf a c tan ts dl sso lve d in "'titer has be en i nve stiga t ed 
eX pe ri rM nta iiy. For t h e ::re compo u nds it I S p r oved th~t the 
mecha ni ca 1 degrada t i on is revers 1 b I II ('\ nct the dreg l"educ ti o n is 
regained I ... hen shear stress 1 !':I der.r~ased . Fo r so l v~nt Reynolds 
number ronges frrn ri 103 to 2K 1 0~ in t ube3 of 6 .17. 2 . 69 ond 0.81 
mrn, the effects of concentra tion . e i c ct l'o l ytc5 o!Idd i ti on o!Ind 
mecllonica i sh ~ar on the dr e g r edu ctlon a t/o r nea l" t h e cl oud poin t 
tempe ratUl'e. have been invest iga ted expe rl menla I I y. The d r a g 
I"educt i on was found to be m.a ximum a. t/or neal' the cloud poi nt . 
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1- INTRODUCTION 

Th e phe nome non o f d rag r eduction ha s bee n known f or about 40 
yea rs , { l l . and hB5 be e n e xpl oited specta cu larly i n r e c e n t years 
by h i g h po l ymer a ddi tions to the crude oi l in th e l\la s J~a P ipe l .ine 
in lil ll sK a , [2 & 3) Ve ry l o w concen tl-<!I tions at l"dgh polyme r ha ve 
permi tt ed to inc~'ea s e the tl o".-J r a t e by <!Ibout 10 to 20 % wi tho ut 
i nc reas i ng t h e pump i ng pressure. \ofu i I e hi gh po I yme r drag r e duct :i o n 
has bee n s tudi ed ext e nsively, the use o f non-ioni c su r fac t6nts. 
wh i ch form large mi cel les in aq ueous so lution. h a s r ecei v ed much 
less .... tte n t i o n . Zaki n a.nd Cha ng. ( 4 1 . observed signif i c a nt amou n t 
of d r a g reduction in the turbul ent f low of some aq ueous no n-io n.ic 
surfac tant solutions at temp era t ure near theIr cl o ud poi nt 
tempera ture. They suggested that larg e ag g l omera tes were f o rme d 
with mo l ecula r weights compa ra b l e to those of high polymer drag 
redu cers. The resulta n t so lut ions h ad h igh relat i v e viscositie s 
and ga ve pronounced dre g r edu cing behav ior. Si mil a r r e su lts were 
o b t ai ned by adding e l ec troly tes . p~rti cul ar l y t hose c o n t ai ni ng 
polyva lent a ni o ns li Ke sul fa te. thiosu lf ate or phosphate , at f ixed 
t e mpel"ature until th e .:: loud point was a pp r oa ched. 

This beh·) v i o ur r esembles t hat o f aq ueous soaps such a s s odIum 
oleate a s repo r t ed by Sa v ins. [4 6. 5 ) Bot h o f these types of 
a dd i t ive s as well a s comp l exes t o r me d by so lu tions (' f Cety l 
Tr imet hy ) Ammo ni um Br omide mixed with CI o !""" (}-N~ phtho l. (7). a re 
"" r epai l-a b l e"". That j s, a l though they de91"ade mecha n I Ca lly unde r 
hi gh~ she aring stress es. a nd ShOH l ittl e or no d r ", g red ucti o n 
behaviou r u nd er thes e cond it ions . th':'"y t'ecovel' t he ir d rng t'o:!dUClng 
a bil ity when t he s t ress leve l is lo\~~red. The c omp l exe s are no t 
p rCl cticlIl because they .:'l l"~ c h em i call y u Ilst ab l e . The oqu eous soaps 
a re se ns iti ve t o t he Pt'esenc e of Ca ti ,.ms s uc h a s colc !um. Wh I Ch 
a re present i n mo st wnte r s y s tems of in teres t . n nd c ", use 
precip i tation ou t of the c a icium soap . The non- i o n ic sur fa ct a nts . 
howe ver , ay e both c he mi c a llY s to b ie and i ns e nsitive to the 
pr e se nc e of cati ons <'I nd henc e a r e pote n ti<'ll!y more u !>~ f ul . 

Thi s WOrk is conc erned with t h e j n ve~ tj 9ation o f a numbe r of 
a dditlona l non-i o nic s u r fac t a n ts . Some of whi ch a re more e ti e c ti ve 
t ha n a ny previously s tUd i ed, (4. 8 . 9 &. 10 ) The effects at 
temperat ure, compositi on at su rfu ct a nt s . e i ec tl' o l yte a dd ition. 
SU1-ta. c tant c oncentr<'l ti o n. t u be d i <'lnl'i!te r and mechan ica l s hear are 
show n . 

2- EXPERIMENTAL INVEST IGATI ON 

The object of this work 1S t o fi nd t he prom i si ng no n- ion i c 
s urfac t a n t d rag reduc ing a ge n ts . s u i t a b l e t o r d if fe r e n t wo rk i ng 
t.emp el"a tUl-es. Th e effects of s UI'f acta n t s truc t ure . conc e nt r a tion . 
electrolyt e a ddi t i on. tuba d i ~me t e r and t he mecha n i ca l shea r. o n 
t h e i r d rag r educ tion we re i nves t igated e~:pe r lme nta l ly. A se t UP 
was bu ilt . [11). t o measur e the fric ti o n Jo s s coe ff ic ien t . dnd 
con sequently t he dra g . in pipe s of dlffe re nt . d iameters . The 
experl!"(te n t.a l work has be e n carri e d out as f o l lows 

1- Pl-e pa}'ati on of di tf erent t ypes of no n-ionic sur factan t 
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additives wi th dif f e ren t conc entrat i ons. 
2- measuring the relative v Iscosi t Ies for aqueous 

of d iff erent concentra t.i ons of a.ddHi ves, 
solut i ons 

3- mea s uring of t he c loud p po ints for sol ut ion 
surf ac t ~ n ts and s urfactants mi xed with s<'Ilts, 

of both 

4- me a suring of the l os s c o effi c i e nt fo r diff ere n t 
of pipes of length - 0.576 m, 

diameters 

5 - che cking the [.t u id prope rt i es as "-
c irculation time to find the s ensitivity of 
me chanica l degradation. 

function 
ad d:i t i ves 

of 
to 

The pressure friction loss c oefficient has bee n mea sured for 
different fluids ot different c oncentrati ons, t emperatures. pipe 
djo. meters and flow conditions. The pr essure drop was measured by 
pressure transducers of a range 0 to 8 bar. while the fl ow ra tes 
were measured by a magne tic flow-me~er . The worki ng temperature 
was kep t a. lmost constant within - 0.1

0 
C, during t he ...,hol e 

experiwent by means of a di91tll l thenhost .... t . 

For f l ow in pipelines, the mean vel OCIty u. the pres sure 
tJp. the Reyno l ds Reo and the dr .... g r educ t ion 0 , may be given by 
following relations, (l1J 

u • Q / { P D
Z

/ 4 > (0 

.p = , c/D ( P v z/ 2 > (2) 

1<. : p D v / " 
(3) 

D = ( t - , / , > (n 
r v 

3- RESULTS AND DI SCUSSI ON 

drop 
the 

The effects of the temperoturc. surfar.:t a n t conce ntrati o ns . salts 
and other addi tives as well as the mechanical shea r on the drag 
reduction on non ioni c surfactant soluti ons w ~ re st udied . The t ube 
di amete r s were chosen a :3 0.B1, 2.69 ~nd 6.1 7 nUll. 

3.1 - Ef fect of Temperature 

The variatIon of the f rictlon fltc tt;l r with dlffelAe nt Rey nolds 
numbe rs for It 1 %. (by weight), Bri.j 96 a nd At/ontc 12 t.J s olutions 
dre shown I n fig.O) to (31 Th o;> so l id lines ar e for the 
convent jona l frfction factor for Newl o:- n jan fl ui ds . The cl oud point 
o f 8r i.j 96 is 56.5

0 
·C. and for Ai/arti c /214 is 52 .1 °c . The 

results s how that the dra g reductions ott a in their ma x i mum v alue 
near the c l oud point . 

3.2 - Effect of Electro lyte Additions 

Figure (4) shows the fric ti on f a ct o ~' vs . the s o l ve n t Reynold3 
number with/ and withou t sa lt . (as a n e lec tro lyt e ). ( or Br(j 96 i n 
a 2.69 nun tube . The re sults ore shown ot c l o ud ~'oints . The e f fe c t 
of elect rolyte addition ~t cons tant t-:- mpe t'atul'e i s found to be 
s imi lar to that o f increaSIng the tempe l- ~turo;! . They act by 
d ehydrating the ether 1 inkage. 
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Fi g . ( 4 ) Fri ction Fac l or For 1 % Brij 96 !"l ith/without 
0.5 N Ha2S0. and 2.69 Tu be . 
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Fi g. (5) , Eff ec t of Con centrati on on Drag Re duc ti on. 
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Fi g. (6) , Fr ict ion Fa ct or fo r 0 . 25 % Brij 96 and 0.5 
N Na2S0" 

The obta in ed re sults s hoh' t ha t the efl'ect o t conce ntrati on 
i ncre ase is s i mil a r t o t ha t o f ~dd i n9 el e ct r o l yte a t f ixed 
t emperature be lo ~ .. the c l o ud point. In e<'l. ch cas e t h e ogg lome l-ates 
are stabi li::: ed and b eco me more -r e sist a n t to mechan iclil 
dcgradulion. 



Hansoura Engineeriflg Journal (HEJ) VoL 16, No. 2. Dec. 199 1. 

8 
,,' 

o · , 
o 

o 
• 

" , 

o 

,,' 

1".Bllj 96 .O.~'_ mm T"o~ 

. 
o. • 

. -

" " .0 '( 
10.0 ·C. 
1' .0 'c. 
\ ' .1 '( 
h"'~,' •• ,; •• 
' ~' ''''~' ~'." ~ 

, , 

£ig~ (1) f r i c tjgo FAct or For 1 % Bri.J....J.6 . .....rulQ .O.81 mm Tube 
'0' 

~ s · , 

" , 
, 

,,' " 
, ,,' 

., ·I.~ '(. 
~.O ·c 

• SlO ·C. 
\l J 'c. .... ,~ .. ~ .. , ... 
'~ . ... , ... R·t .. ~ 

, 
5 ol~ . ~t 'hynOIO< »""'0,, 

Fig, (2) Friction Factor for 1 % Brj j 96 a nd. 2.69 mm lu06 

3 .3- Effect ot SurfactAnt Concentration 

The effect of surfoctant concentrat I o n on drag reduction is shown 
in fig . (5) . At l ow Reynolds numbe rs . t he 1 % Atlon ~ c /2t4 so lu tion 
with 0.3 N No.z50 .. at 30° C, which i s close to t he cloud pOint. has 

a high relatlve vis cos ity, (7)R~2. 2 ) The lam ina r data lie a bove 

tha t of 0.5 % solution. for 0. 25 % Bri ;' 96 Idt h 0.5 N Na 50 <lot 
2 , 

the cloud point in three diff erent t u bes a r e s hown in Fig. (6) , 
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3.4- Effect of Tube Diameter 

Figure (7) shows t he effect of tube 01 6mete t' o n dra g r educ tion tor 
0. 5 % Bri} 96 Hith '0.5 N Na SO a t 45° C. The r esults s how that , . 
the dra g reduc tion increases as th~ tube diame ter dec r eases. This 
moy b~ attributed to the r~l ~ ti vely large boundary l ayer thickness 
as compared to t he pipe d i ame t e r . The drag r educt ion occurs mBln iy 
due to the surfactant ef f ects on the boundary layer. 
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Fig. (7). Effect of Tube Diameter on Dra g Reduction. 

3.5- Effect of Mechanical Shaar 

Drog reduclng solutions of soaps ~ nd sur~ act ants loose their 
reducing ability above some c riti ca l wa ll shear stress. at 
rnechanical degradation begins. 

drag 
which 

In Fig. (5). a sol ution' of 0.5 % ALjol\t:c 1 2 14 + 0 . .3 N l-/a;;: S04 
at 30°C was pumped at maximum flow nlte for 12 hours. Then it 
was returned at decreasing. Rey no l d s numbe rs. The d raq reduction 
re s u l ts after mecllanical she ." r abo v e the crl tl c:ol s h e a r stress f or 
degradation are very c los e t o those o f f res h u nrecycl e d so l utio)1s. 
This shows that the mechanica l d~grada t i o n is r e v ers ib l e process . 

4- CONCLUSIONS 

Some non-i oni c surfactants formed from a st r a I ght 
and ethy lene ox i de moieties C'f PI"Opel' s i zes are 
red ucers at / or near - the i r cloud po i n ts . 

chain a l coho ls 
e f fe c tive drag 

The e f fect o f concen tra tion increase 
to thot of add ing electrolyte (It a f ixed 
c l oud po i nt , o r increasing t he t e mpera t ure 
po int . In each case the agg lomera tes are 
mo re r es i s tant to mechanical deg r adata on. 

is found t o 
tempe r ature 
to op pro Q. ch 
s t .!l b i 1 i2ed 

be simi l ar 
be :ow the 
th e cloud 

a nd became 

The effect of tube diameter on the dra g 
si mi l a ~ to that shown by high polyme rs : 
incre ases a s the tube diameter decreases. 

red u ction se ems to be 
the d r ag redu ct ion 
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