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DRAG REDUCnON IN PIPELINES BY CATIONIC SURFACTANT ADDITIVES 

" +, 
r. Saleh 

•• ... 
S .S.Nasr 

~11~1':'lj ':'\.?~I "" .:.UW,I rl=...\-t ~ll~11 #> .,l.uI~1 J<ll:; 
4J,,¢l1 

:~I~ 
)i...!l,- d .... . l1bL!.:JI ,:,I,ji....:...LOlr.w,s .. III.II- -· l" ~ .1i1 .... ;. lt L.I~':~II~J"'" t ~ _~r.r-'~--v_J-' r-~. , . 

,::.Ij v~;-J, t'-'" '(.V\ 'f"" '.W ,)~I'::'\J ~t.:.I v1l.(f~J~\ c,R-Lw r;L> - ~~)I f'~,..,j\ 
J9~ W .(>0 \'(. , 1"0 't'. u:/t,I';+; ojl;.>- .:.,-?-)~ ~ I ..... · .. , \, ,, . ~ (91~ ),J~J ('u) 
~ ('. ··LL...Jl _A;; 1\ ii 1 · _111~" I.~ 1j,S' .:.\...5 .. 11 ill> ~.c · ~. '. ~{;;..i:...J1 
~_ v--- 9 )J"""....,.)~ ' . J-' ~~, ._ ~~~ . 

'l" ili ~I .... ~!l l.I~-.• ; ... (' Llw . ~ I L':._ ~~ }I..o\'::'::"":'1 J.i .J.il~~11 1.1;;-. u . }N' r- ~ v.Il ~ .... . r't-:-'JA ~ V'"' t . , r- ~ 
JI....>.::JIu.:.....~ .,LJI ... ..DJ1$ . ~I~· .. :·~ '~ )i...!1~ .... 1w..... ............ l.:.111::1.1..:.. · .WI T'. k'.9. ft:!"'J-O~...r t ..... r .. , _. :r--vA 

'::'~j<>ll ~ ~11 u~ J,Ja vk ~ ~I,AJI J:ii:i lAw ~ oJI» ~).1 ~1 01 
~Hfiu~1 ';""')\.....J\ lro ;~ ~ ~H"~ ~)JJ\ $ Jil9 ~\ bL!.:..J1 ,:,Ij ~~I 

t~l &0 uJ:W1 v1I .).::>- \0 .. ~ .M1~1 ~ ;j..oJl ~iJl vi ~.9 \.oS .~ ii~1 
a;""" 01 ~9 W f'~J,-I1 .:.}l..J.... ~ vo vt:,>4J1 ~ ;J..?- \0 .. ~l u.~ ~4)1 r~,....11 

. .:ilp.u ~I ~ vhU <;c,s,.J1 

ADSTRACT 

This wor k is concerned w1th t he drag reduction using cationic 
surfactants. ( quaternary ammonium amine - s odium sa licyl ate ) , 
diss ol ved in l.fo t er . Drag reduc t ion meo s urements I->ore ci.\r r ied O~\t in 
6'67 and 2 . 69 mm diameter tubes, to r Re yno l d s numbe rs from 10 to 
10 and f o r temperoture ro nge ot 30

0 to 120
0 

C. The influence of 
sur factan t comp osition , tempera ture . mechani cal a hear . 
con cen t ration and sodium salicyl at e conc entration on the drag 
reducti on wer e investi gated . Tr i me thYI ~mmon ium ami ne sal t s are 
moat effective drag reducing a gents. while alkyl di methy l ammonium 
amine salts a're not effec tive . Le ng th of a l ky l group has a major 
effect on the upper temp erature J'i mit for draq r educt i on , 
Appreciable amOUI)t of s hort er chain reduces the maximum 
temperatu r e. Concentrati o ns o f 1500 ppm of quat e r nary ammoni um 
a mine and 1500 ppm at sod ium salicyl a te a re needed for affec t ive 
d r ag reduc ti on f o r en amine a. ClI ti onic sUl· f o.c tanta o f t hi s t ype 
was f ound to produce higher drag reducti on va lues in t he larger 
t ube th~ n thot f o r non-j on ic s ur fa ctanta or for h i gh pol Yme r 
solutions. 
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tlQMENCLATURE 
pressure drop in the pipe. Pa. 
pipe diameter. m, 
pipe length, m. 
drag reduction. ( % ). 

temperature, °C, 
meaaured friction tOB9 coefficient. 
aolvent triction IDss coefficient. 
90 I vent Reyno lds nymber. 
mOose denS ity, kg-1m, 
dynonmio viecositr. kg/m .B, 
shear ~ tr e98, N/ m . 

Abbreviat..ions 

CTAS 
TTAS 
ETAS 
CPySal 
NoSal 
RTASo.l 
RPySo.l 
CMCIl 

Cetyl Trimethyl Ammonium Sa licylate, (1.rquod 16-50). 
Toll owTrimethyl Ammonium Salicylate, (1.rquad 18-50) 
ErucYITrimethYl Ammonium SaliCYlate, (Kemaml ne Q-29B3C). 
Cetyl pyr1dinium Salicylate . 
Sodium Salicyla te, 
~lkyl Trimethyl Ammon1um Salicylate, 
~Ikyl pyridinium Salicylate , 
Concentration at . which the surfactont monomers trom 
rodlike micell es . 

~l - INTRODUCTION 

The problem of eHicie.nt energy utilizOotion ha~ become o.n 
importo.nt topic , of energy POlicy. The reduction of flow pressure 
lo as El3 1n pipoline9 represents a main apPli coti on for drog 
reducing additives. While high polyme)" drag reducing odditiv8e 
have been extensively investigOoted, the use of l ow molecular 
weight cati oni c surfaco.tnt complexes, which form large micelles in 
aqueous ~o l utjon9. ha9 received much le99 atten tjon , 

Furthormore, these polYmeric drag reducing additi ves can undergo 
mechanicol degrodation by shearing llction ot the PUnlP9 ond other 
p<.'l.rts ot the flow circuits. Rose at ·01.. (1 ). s tudi ed aqueous 
alkyl trimethtyl ammonium sa licyla te eoiutions by u9ing the 
follo~1ing alkyl9; Cetyl-(Cld or CTAS). Tall ow-(eu or TTAS) and 
Erucy l-(Cu: or \ ETAS). Tho se alkyls ",ro formed from the 
corresponding chlorides combined with sodium salicyla te ; Na Sal . 
At a critica l temperature for 0. given 9urf",ctont sys tem and 
cOllcentrotion, the drag reduction began to decrea~e rapidly. 

Drag reduction was regai ned ' upon cooling . Reversible sheor 
degradation occured at higher Reynol d~ numbers by increasing the 
tube diameter. Rose et al .. ( I), prOPosed that the U90 at theso 
surfactant solutions could provide flow energy eaving. 

HoUma.nn at 0.1 .. [2), studied the behavior ot solutions that 
containing CPy Sat. and various amounts of excess Na5a~ rodlike 
micelles grew rapidly as the excess NaSal concentration increased 
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to 0.5 mM in 1 mM C Py Sal, Ohelendorf et 01 ., 
mi ce ll a r behavior with drag r eduction in RIA 
s o lution~. They verified the e ffects pr ovod by 
a n : 

13), cor rel at ed the 
Sal and RPy Sal 

previous workers 

pipe di ameter effects: as t h e diamete r increased, the 
maximum drag reduction wa s extended to hlgher Re ynolds 
numbe rs , althoug~ degradation occured reversibly at a 
fixed wall shear s t ress fo r each s olution . 

. - increaeit")g t emperature eventuo.l1Y cau sed a loss o f dro g 
reduction. 

Ohelendro f et 41. . 14J. r e por ted that drag reduction, 
Ca t ion i c surfactant solutions, occured at concentrations 
CMCiI , ( i.e , when the rodlike m:lcel l es were pres ent) . 

in t hese 
a bove the 

2- EXPERI MENT AL INVESTIGATION 

Experiment al investigtltion he; s been ca r r i ed out accord ing to the 
following scheme, 15 ) 

1) Preparation of ditferent concentrations of cat i on ic 
surfactant ammonium s o lt and addi ng di f ferent quantit i es 
ot sodium sali cylate solution for me osurements of drag 
reduct i on measurements. 

2) Measur ements of pres sur e drop ~nd flow r ate fo r di ffe r ent 
diameters tube at diffe r en t solution conc entrat ions and 
temperatures . 

3) Heat ing the prepared sol uti ons t6 90 ~for abou t 12 hours , 
before corrying out the a ctual meosurements to ensure that 
the 90lution9 ~re in thermody namic equi l ibr i um. 

DiffGrent cationic s urfQ ct ll.nt are tested as; An?uod (6 - 50, A rquad 
18-50, Arqvad S-50 , Arquad T-50. ,'(e rl.evn.i n q Q- 2983 C, Kemamin.e 
Q-2803 C, DDAB , E fhoquad 0/12. ELhoquad R 12 / 7 5, and Dt coco . Their 
chemica l structur es. 0.9 given by the pr oduc ing companies, are 
shown in Tab. (1). 

The exper iment a l technique and proc edure have been explained i n 
det.,i 13 in 15). The pr oc edure moy be s umm eYized as follows : 

1- rneos urma nts of pre ssure drop a nd fl ow rate for wa t e r in a 

2-

3-

pipe ' of 6 . 17 mm diameter , at different t emperature le vel 
0 9 a bos e tor comparison. 
pr eparati on ~f s olutio ns of d if ferent concentrations of 
cationic surfactant ammonium sa lt , with addition of sodjum 
salicy l ate so lu tion. 
heating of the previously pr epared solution to 

a ppr ox i mate ly 90°C , for about 12 hours, be t ore ca r ryin g 
ou t the act ual tes ts , to e n$ure that the solution is in 
t he r modYnami c equilibrium. 

4- carrying out the drag r eduction measurments f o r surttlc ta nt 
solutions a t differe nt t empera t ure s, in tube s of 6 . 17 and 
2.69 mm d iame ters . 
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Tab,O), 
Reduction 

Compo~j t j o n. Bf f ect i va Temper~ ture Rooges 
and Maximum Wall Sheor Stres~ of the Tested 

Sor t actants 
, t' , 
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Cationic 

An eXdmp le of the obtc.lnad resurts. for 2000 ppm k ememine 0 - 2983 
c- 2000 ppm NoSaL solution ot different temperatures ana tube 
diameters are shcnm in Pig . (1). Thess results are based on the raH 
data of pre39ure drop ond fl o w rote dnd by using t he t a l I ol·1i ng 
relct ion9 ( o r cc.l c u l o.ti o n of t h e flow valoclty ~. pressure dro p 
/J. P. Re ynolds' number Reo nd the drag Yeduction Dr ' [~l 

u Q / 



Mansoura Engineering Journa l (MEJ) Vo1. 16 . No.2, Dec. 199 1 

Ap 

R. 

D 
r 

3 - l RESULTS AND DISCUSSIONS 

The effect s of surfijctant structure. temperature . 
shear. concentration and addi t ive concentration on the 
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mech<'wica I 
tu rbulent 

F" i g.(l), Ol'ao;, R~ducl.ion .as FuO\cLi. .. ;m of P .. al Di.tf OI·~nt -r€:I1lI:·or<l l lll"E:S 
rOl' Solutions Q-2~e3 + NilS", l c..~O OO/2000 Jjl~ m) 

flow behavior of d ifferent cationic s urf actant, (ammonium s~lt). 
soluti on~ IJere st udiod , All ru ns are for 2.59 and 5 . 17 rom diameter 
tubes, 

3 - 1 Ef r <i/c l o ( C>.)l ionic - S ll· uct •. w.:. 

Figures (2) and (3) show the ef f ect of c~tionic structure on the 
drag reduction for 00A8 solution at concentration o f 2000 ppm and 
of 2000 ppm DOAB + 500 ppm sodium sal icyl a t e at ~ifferent 
temperature. fOl' this c ompound. which contains reliltivelv sma ll 
hydrocorbons choin (C ,a N 1:1). the re sults s haH that no drag' 
reducti on is obtained in the tem~erll t ure )"<!mgo ot 40':' to 700 C, 
and a very little drag r educ tion ~t 90 °c. This may be attributed 
to the disability of t he mo lecules to ra ck together t o form 
rodlike micelle9 under such conditions of operation , 141 . 

, 
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When the c a tion ic s urtactant COlnpound . con to.inJng longer 
hydrocarbon ch",in (C 1<S Nn). wes test e d (Ol' drag r educ tion a s 
shown i n figure (4). the results show~d that the Ar-quod 16-50 is 
{In effective d reg reducer jn the t empel-at tire ro ngo f rom 300 to 60 
°e, wi t h maximum drlJg reductipn ot 75 %. This d r og reduction m.:!oY 
b~ d ue t o t he e xist.enca of rod ,l ike micelles . The3 e add it i ves wer e 
found to loose their erfec~iveness. tor drag reducti on, a t 
temperatures abOve 60°C. This m~Y be o.ttr1buted t o the exceadinq 
o f the tronsition co ncantr'atioll tor the formation ot rodli l~ e 
mi ce lles into. spherical micelles tor dilu t e sur factoot so l u tio ns 
o f concentr1!otfons less than 250Q pj)m . (3 ) . 

~ ' .. "~F'·"+; " 
~ '"' " h ",UI 
• , 
• .. • , 

, 
• .... .,.,1, ......... ; , , Q, ... D , 2.69 

0' " " " ,~.", .. ~ .... " 

Fi ~. (2), D"lOg R~o;h.h:: liun 

T ellOp~~ r:llu,'&s fo r So.l ulior, 
as f un..:!. I .) .', vi 
con l il l,~J"q c:ooo 

fit ) .. 
" .. .. 

b 
-'" 

, 
-.,: -.... ""." 

o. ,. o ,~ .... 
0' 

011 I ., o· '''r,l 
N-rJJ.II ... ~l l \ yl 

The \05S of dre. g reducing etfecti ve ne3s abov e '" Cl"itiCll l wa ll 
s h ear stress i s very impor t ant. An e xampl e of th e cri ti c a l wa ll 
s h ear s tress are I i s t ed in Tab . (2) .- For the c onsidered so l ution 
t he critical shear stress Has fou nd to be almost cons ta nt in the 
t emperature range of 30° t o 60° C. It was (ound al s o tha t jt lS 

r ev ersibl o such thdt the drag )"eduction c o u ld b e recovered if the 
wa l l shedr s tress. o r t he temperdtur e . are r ed uced. For ~"'qvad 
18/50 . . it is c l ear tyom f ig. (5). that this ddd iti v e mix tul'e is 
e f fective d ra9 reduci n g ag e nt in the tempel"dture range of 30.;1 to 
90° C . Hi gher u pper effective temper<!lture r<!lnge may be due to the 
longer a l kyl chain len£fth which results in l arger .snd mo re stable 
micel l es a t l1 i gh temperot ure. 
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P. 14 

Fl g.( 3), Dra g R~duc lloro a s FUn<.:.l i o n rJ( r::~' 1'0 ,' $ol utl ";'I,S conl<li f.lng 
2000 ppm N, N-Dim~lhyl Didcc: y l Ammoniu m 8roml d e - 50 0 PI ~ m ~la Su l . 

...... " ....... " ... 
- .... "" ... .... ('I~" 

o,~------____________ ~ 

'0' 
Reynolds Number 

F"ig.CJ\), Drl)g l- E'~ldcLlo n as fun ..:: Llon (J[ ,t" f!t 1.;..- $ o l ll ll v n s Cvr.l ;l.1. n ir"J 
2000 ppm lIexa..Je cyl T,- i .n~ thyl AIl Il1k;),\i lUll Chl .... , · i de -2000 IJ j:.m N.:.:::::",1 

Ge nera lly. it we.s fo und tha t the l onge t· ·the al kyl ch a in in the 
surt~c tont structur e. t he highor the u ppe r tempe ratu r e l imit tor 
drag t"e d uction . Th is IMY be due t o th e i ncl"E!o!le in the s lz e of 
mi celles whic h form more stab l e ro ct l il<e aggreg<'!lt e s ev en at hi gh 
t em perature s . Th is 'resu lt gi ve!J a u sef ul c rjter i on 1n c hoosing the 
su it ab le su rf actan t tor the co nven i e nt a pp l ica t i on . Table (1) 
s hows t hd t . ~s the chai n I'e ngth i ncre a ses the temp e ra tur a l- ange 
will increase. The toble Sh0\1s 1Iiso tha t the maxi mum "'<'!Ill she a r 
gtres e is reduc ed by incr ea si ng the ch ai n l eng th. 
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F i g.(5), D,-aq RG/duclton as Funct ion of Pc for Solut i o !'. containing 
2000 ppm Or. l a ll oc yl T ri"II"Lhyl AI1I\IICmiul11 (hl.w i ck,·- 2 000 pp m NaSal 

Based on the the previ ous re slJ lt s , the qu a to r na ry ammonium sod ium 
~a licYl'?te m{xtures '-'.re prom ising d rag reduci ng add itive !9 f o r 
distr ict he~t ing · a ystems. Mecha nica l d egrada t ion unde r h igh s hear 
stresses i!9 revers-ible. The ma x imum tempe l"""at u l"e ma y reach 110~ C 
for trimethyl ammonium o~ine sal ts . The l oss of d r ag r e duct i on at 
cri t i c",) t empel'ature, i s rego ine d up on cooli ng . 

:3 -c Eff~cl o f Tube OialneLer 

Diameter effe c ts on drag l""eduction HOS roun d to be d ifferen t from 
thos e observe d either in solu t ions o f h igh polyme r or non-ionic 
surf a cta nt soluti o ns . ror the same worxi ng cond itions . a nd for 
tubes of 2.69 and 6.17 mm di ame t e r, Fi g . (6 ) a nd (7) show tho t the 
dreg reduction was h igh e r in the lo.rger tube . Th is ma y be d ue the 
greate r wa l l shear s tre ss i n the smal l e r tube . Conseque nt l y. the 
effective mice l l ar structure might be reducod; l ead ing to sma ller 
dra g red ucing a·c tivity, The ma xi mum dra9 redu ction ex te nded to 
h igher Reyno l ds numbors, by inc r eas i n9 t he t ube d i a me ter, The 
me c ha ni cal degradation was fo und t o oc cu r a t app r oximo. tely 0. fixed 
cri.tica l wall shear s t r ess. 

3-3 E ffeo.::l of Concent r;~Lion of t;al .l.J]l Jc S UI-f<lcl ant 

Figure (8) indic a t es that. by increo.sing t he add it i ve 
co nce ntra tion fr om 1000 to 2500 wppm. ( 1 ; 1 wei ght r~tj o), of 
Q2 993 C ; s odium s ali cylote , t h e dra g r educti o n o.ctiv ity i s 
i mp l"oved and t he crit i cal we- II she ar s t r ess is s h ift ed t o h igher 
va lu es. By increos i ng the surfact an t concentration , the r od 
lengths i ncreas ed t'l nd may r esu lt in tormat i o n o f ial-ge stable 
rod l ike micel l es wh ich i mpro vo the drag r eduction pe rtonno. nce . 
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'0' 

F ig'. Cfi ) , Drag F,ouuclion as F unct.i o n o f .~>'1 1" ;,0 1' So l utions co r.t a i ning 
Q - 2003C NOl$O'l l (2000 / 2000 p p m) O'lncl D .. 6 .17 Ilun 

g 

g 

, 
, 
• ,-,,-

SV"OO.. T ( • C) 

,,' 
A o y .... QI<I" Nu<nt;> .. r 

. .. ,. .. ,. ., .. 
~ , 00 », 
• ' 10 

o _ I ..... . 

,,' 
rl g . (7 ) , Dra g R.;.ducliol1 a s F' l)r, ..;: Lio n o i .c-~ f ew So lu ti o n s Co rd_ a l r,lng 

Q-2803( NaSa l <.. 2000/'::0 00 P I>"l) and D = 2 . (:'9 ILUu 

The a dd iti on o f sodi um s o l icy lote to t he cati o n ic sur f ac t ant 
a f f ect widel Y i t s be hovi or. Salicy l a t e ~ n ions act a s coun t er - ions 
to the opposit e l y charged c o t i o nic h ead -g r oups and ass ist s phe res 
to rods trans ition o f t he mi cel los . Plots of th e pe r c e ntage drag 
r ed uc tion fo r 1500 ppm eruc y ! trimethy \ ammon ium ch l or ide ~Iit h 

vO rYl ng amoun ts o f sodium s a l icy l a te. at d iffere nt t emp era t ure are 
s hown jn fi g. (9 ) . By .i nc re~ s j ng the concent r o ti o n of sod ium 
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4 - CON CLU SION 

Dif fer ent st ruct ures of cot i on i c s urf ac t ants , (quotel'nary ammo n ium 
~H\lts). h a va bee n test ed expe r i menta l ly . fo r drag r educ ti on . The 
f olloHing reeu l ts nlOY be c onc l uded : 

- Th e meChli nic Ool d egrada ti on u ndEl, s he~r stress H~S fou nd to 
be revers i ble ~d th ma x imum ~.'O rking temp er atu r e of 1l 0""C. 

- The leng t h of a l kyl group has 0 major eff ec t on th e ~l pper 
' temper~ture I imit of drog reduction. Appreciable amou n t of 
re l ative ly s h orte r c hain r educ es t he ma ximum temperature. 

- I ncreosing the concen t rotlon of add itive mi xtures, eru cyl 
trimelhyl ammon ium chlorlde / sodi um s ali cy l ate. f r om (2000 
/ 2000) p prn to (2500 / 2500) ppm was fou nd to rise the 
l ower te mp era tur e l im it fo r the d r a g reduct ion . 
The drog r e ducing obi l i ty a nd :uf!l c hanico. l stability of 
additive mix t ure contoln i n g ( erucy l t r i methyl lI ttunon i um 

Chlor ide -sodium s a l icYla t e by (1 1) \" e ight ratio 
lncreosed with conce n trati o n inc r c\1se fr om ro oo to 2500 
p pm . Excess sod i um solicylote at dif fere nt temperatures 
improved the dreg reduc t i on performance. 
The d rag re ducti on increa s es a s tl,e tube di a me t er 

increa ses. 
- The upper and l ower tempera t ure I i mi t s t or d r-.!lg reducti on 

ch ange wi th u s ing diff e re nt ~tructures. 
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