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DRAG REDUCTION IN PIPELINES BY CATIOHMIC SURFACTANT ADDITIVES
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AQSTRACT

This wark ia concarned with the drag roaduction using cationie
ourfactanta, { guaternary ammonium amino—-%cdium selicylaks ).
disgolved in water.Drag reduction massuraménke Were carried oyt in
-E- I!-? and 2.69 mm diameabtsry tubas, f-:rr I-'lavnc-tgl.a numbara from 10 ta

and for temperature rangs of ag” ko L20 C. Tha influsnca of
aurfn-l:tunt. compaoaikicn. tLamparakburs, mechanzcal ahaar,
congantrabion and eodium salicylate concentration an Ehe drag
redyction wars 1nveatigated, Trimabhyl ammonium  amina sSalits  ara
most effsctive drag reducing agents. wWhile alkyl dimabthy] ammonium
amina 2alto are not sffsctive. Lemgth of alkyl group haz & mejor
aftect on the uppar temparabturse Iimit feor drag reduction,
Apprecliable amount . of ahortar chaln reditces Lha mas b
temperabura. Concantrationa of 1500 ppm aof 9Quabernary  ammonium
aming and 1300 ppm of modium salicylats are pasded Ffor affactiva
drag reduction for C2z amines. Cationic aurfactanta of Lthias Eypa
wag (ound bto produce higher drag reduclbion valuea in the largsr

Lubée than Lhat for meon—jfonic surfacténta or foar high polymer

solutions.
* Ph.b, DBrlg. Gen., HeLired, ws Agmoc. Prafl, Hil. Teoch.
Cellegae, Cairo, wee Pho B, HMibitavy Tech. Res. Cenbler, Cairo,
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NOHENCLATURE

ap pressure drop in the pipe. Pa,
pipe diameter, m,

pipe length, m,

drag reduction.,( % ),

temperature, “C,
meagured friction loes coefficisent,
» eolvent friction lpas coefficient.

ro DCD

Re solvent Reynolds nymbbr,
] mass dsnaity, kg/m .,
u dynanmio viacoaitz. kg/m.s,
T shear stresa, M/m .
Abbrevlatlions
CTAS Cetyl Trimethyl Ammonium Salicylate, (Arquaod 16-50),
TTAS TallowTrimethy! Ammonium Salicylate, (Arquad 18-5Q)
ETAS ErvcylTrimethyl Ammonium Salicviate, (HKemamine (Q-2983C),
CPySal Cetyl Pyridinium Salicylatas
NaSal Sodium Salicylate,
RTASal Alkyl Trimethyl Ammonium Salicylate,
RPySal Alkyl Pyridinium Salicylate
CMC11 Concentration at. which the gurfactant monomers from

rodlike micelles.

-1- INTRODUCTION

The problem of efficient ensargy wutilization has beacome an
important topic. of énergy policy. The reduction of flow Ppressure
loesses iIin pipoline2 representz a main applicetion for drag
reducing additiveas. While high polymer drag reducing additives
have besn extensiwvely investigated, the usse of Jow molacular
waight cationic surfacaetnt complexes. which form large micellas in
aqueous solutions. has reaceived much legss attsntion.

Furthermore, these polymaric drag reducing additives c¢an undergo
machanical degrodation by ghaaring action of the pumpg and other
parts of the flow circuita. Rose ot al., 1), studised agueous
alkyl trimethtyl ammonium salfcylate saolutions Dby wusing the
following alkyla; Cetyl~(Cta or CTAS), Tallow-(Cie or TTAS) and
Erucyl-(C22 or 'ETAS). Thess alkyls ara formed from the
corresponding chlorides combined with sodium salicylate; Na Sal.
At a critical temperaturs for a given saurfactant system and
concentration, the drag reduction began to decreass rapjidly.

Drag reduction waz regained "upon cooling. Reversible ahear
degradation occured at higher Reynolds numbers by increasing the
tube diameter. Rose et al., (l). proposed that the wuse of these
surfactant solutiona could provide flow anergy gaving.

Hoffmann ot al.. [2), studfed the bhehavior of =zoluticns that
containing CPy 3al, and wvarjious amounte of excesa NaSal rodlike
micellos grew rapidly as the excess NaSal concentration incraasaed
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to 0.5 md in L mM € Py 5al, Dhatlandert et &l.. (3], corralated the
micellar bahavior with drag reduction in RT4A Sal and APy Sal
aplutions, Thay verifisd tha affects proved by preavioua workara

ag

= pipa diesmaler effacts: 83 LChe dismeter Incrossad, tha
maximum drag reduckion weaa eaxtonded $o higher Revnolds
numbora, althouglk dogradelbion occured reversibly at a
fiwed wall shaar stress for each Balution,

= jncreasing temperature sventually caused & loss of drag

roduckion.
Chelandrof st a).., (4], reported that drag reduction, fm thesa
cablonic surfactent solutions, occursd at concentrations sabavae tha
CMCZIE. { i.8. vhén tho rodlike micallas wara presant) .

2= EXPERIHEWNTAL IMYESTIGATION

Evparimental investigatlon hasa béen carrisd out sccordinmg to Lha
following schama, [5)

1} Preparation of differant concantratciaoms of catdonlg
surfactant ammonium salt and adding different guantitiasa
of acdium salicviate solubtion for meassuremant= of drag
reducktion moeasuramanta.

2 Meaasuremants af pressurs drop and flow rate for diffarent

diamabtarsa tuba at different solution concamnbraticona and

* Lamparutura!. 2

1) Heaking the preparaed s=solutions td 90  for about 12 hours,

oafara carrving oukt bthe actual measyramanta to enaura that
Lha solutions are in bthoermodynamic eauil ibrium,

Ifferant nntjbnic ayrfactant ara testad as; Arguad 5-50, Arguad
1 a=55, ..-1:rr|n.|ar.|! S=50, Arguad  T-540, HEmameng D=Zees L, EgmdmL ne
g=-2803 £, 0048, Cthoguad A8, Elhoguod R 12475, ond Duicoca. Thair
chemical structuras, & given Dby Lha producing companissa, ara
shown in Tab.{1l).

The e=xparimeantal technigua and procedura have besan axplained  in
détails in [3]. The procedurs may be gummerizead as faollowy

1= maasurmante of presaurs drop and flow rats for walter in &
plpe-af 6,17 mn diamebtsr, at diflfarant temparaturs laval
ad & pags [or compariséen.

2~ praparabtian of asiutiona of diffesreant consentratians of
cabianic surfactant ammobium 2alt, «ith addibtion of sodium
salleviate aclution,

3- hsating of Eha pravioualy praparad aolubion Lo
approximataly 90 °C, for about 12 hours, bafors carrying
oub tha ackual testa, te snsuras that the solution 13 1n
Lharmodynamic equilibrium.

4= garrving out Lthe drag reduction maasurmanta for surfactant
goluttans at diffarant témperaturess, inm Lubes of 6.L7 and
2.6% mm diamabtars,

e
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Tab.(l), Composition, Effective Temperature Rangas of Drag
Reduction and Meximum Wall Shear Stress of the Teasted Cationic
Surthtants

T Fel Re- aRquan| arguad|ARGUAD |KRguAD ITE -1!.1"0-:!- E110= | KEIAR= .\U:ru-l
A UAD QUAD |1 HuL
Nam vie |16-50 |1g-s0 | s-s0 | T-30 §regdz| o1 [Rnr  |oiserc|oreesc
i os;hm% 1 773
€y b] 1 3 A ! 1 3 )
ey, on® | o o a o 1 | 2 r | e °
¥ -
€14 1 1 1 3 i b}
" K _
Cis 73 5 6 7 g L]
Cjﬂ' L b ] i
€1 1 v0 Ve 18 1) 14 1 3
[ 1 55 '} 1 10
18 ) rs
Cyp "™ 14 ] 11+
C?J ] . ] _i__
€10 : 10 .
i v
€3y ’ LT
Cya' e 92
L_ C14
Toin-Taay) - " )
. Tatn-Tmad o0 ho-s0  |30-05 [10-70 |>6-80 [20-20 |30-30|¢0-110} 0120
e .
rotmex), {300,0 |210.0 [186.0 |720.0 |¥s0.0 (190.0 |200.00130,a }120,0
n/m"

{*} Mosrs oma doublo bond In tha hydrecsyoon chain.
{**) #Heans two devule Dond: in the hydrocarbon cnain.

& Numbsr of groups

An example of the obtalned results., for 2000 ppm kemamine Q-2983
C- 2000 ppm NeSal solution , at different temperaturee ana tube
diamaters are shown in Flg.(1). Thess results are bassd on the raw
data of sressurs drop and flow rate and by using the following
relaticns for calculation of Lthe flow wvelocity w, pressure drop
sp, Reynolds' number Re nd the drayg reduction D.. (5]

u Q7 (p D*rs > 1)



— = — N e Y

= S —_——

Mansoura Engineering Journal (MEJ) Val.l6, No. 2, Dec. 1991 P2

bp = AMLDC p s 25 23
fa - - B TR T 33
b, = €t = h e D ¢

3=1 RESULTS AND DISCUSSIONS

Tha oaffécks af surfsctant structure, Lemparatursa  mechanical
phear, concentration and sdditive concentraticn on the turbulent
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Fig.€13, Diray Reducbian a3 Funslion of Fs al Dulforent Témperalur &8
for Solutlans Q-29903 + HaSal I000-.2000 ol

flaw behavior af differsnt cationie surfactant. (ammonium sallbl.
Hatipllons wars atodied. A1) runs arFa for 2 60 and A.17 mm diametar
tubas.

F-1 Eiflfect of Calionle-Struwliura

Fiauras (2} and (3) show the affect of cactjonie atructura on  tha
drag réaduction fbr DDAB solution at concentrationm of 2000 ppm and
of 2000 ppm DDAB + S00 epm sodium salicylate at Aifferont
temparatura. For this compound. which contains rslativaly small
hrdrocarbons chain (Cio ¥ ). the resulita show ttut na ‘drn
roduction is obtalnad in tha temperalurg rangs al 40 tae 70 C.
and a very little drag reduction at 90 €. This mav bs aktributsd
to tha disability of tha moleculss te pack tegecher te  lform
rodlike micalliess unday such conditionz of oparation, (4]
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Wnen thes cabionic aurfactanl compound, containing longar
hydrocarbon chain [(Cie Maaj, was cCested For drag réduction ai
shown in figure (4}, Lhe resullts showed that cthe Arquad 16=30 a9
4n effective drag reducer in the temperature rangs from 3 to 40
C, with maximym drag reducktign of 75 %. This drag reduction may
be dua to the existence of rodjike micelles. Thess additives wers
found to loops thl!r effecktiveness. for drag reduction, &t
tamperaturos abova &0 C. This ¥ b attributad to the escssding
of the transitien eoncentratioh for the (ermation of rodliks
micalles into spherlcal midalies for dilute surfactant solutiona
of concentrations lasa than 2500 pem. 13}

s
% Spunl  F0TE
i . g
i i :
s o JE S W | b e ol
o=2.69 R
w = '

Flig. 423, Orag Rodudliun as Fuidtlon &l Fagy al DL Cievdnl
Tempuralures For Sclulion conbainlieg  E0OD  ppm M, H=rlnsz L 1syw ]
Oidecyl anesendom Leoslde.

Ths loss of drag resducing effactivénsans sbove 3 cricical wall
shaar siracs is very important. An examples of tha eribical wall
shear stress are listed in Tab. (2}, For the copnsidered solution
ghe eritical shear stregs was IHM Lo be almeat constant in tha
camparaturs range of 30 te &0 €. It was found alme that it 13
revearaiblo such that the drag veduction could be recowvarad 1f tha
«wal]l shaar atyveas, or the Lemparatura. ares réeduced. For Adrguad
re~80., | it lm cleaar fraom Fig.(%), that thie additive mixtur in
ﬂlul‘.iu drag reducing sgent In the temperaturs rangs of ta
90 C. Highar upper effective Lemporature rands may be dus to the
lengar alkyl chaln length which results in larger and mare stabla
micgllas at Nigh tomparaturs.
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Geaperally. it was found thak the lenger ' tha aliyl chain §n Lha
aurfactant atructure. thoe highar the uppsy tepperature  |imik  for
drag reduction, This may be due to the incrassa  in the size af
micallea which form more =table vodlike agdragatea ewvem at high
temparaturez,. This result gives a usoaful critarion in chooming tha
suitable surfackant for Lhe convanmient applicatfon. Table (1)
shews that, as the chain langth incrasmes the temperaturse ranga
will increase. The teblse shows slss that the maximum wall shear
styema is raduced by incresalng the chetn langkh,
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Bazed on Lhe the previeus results, the guaternary asmonium  sodium
zalicylate mixtures area pramising d4dra8d reducipg additivas for
distriet haating syatems. Machanicel dagradation undar high EEE&E
stregges ias reversible., The maximum bemperatbture may reach 110 G
for Erimabthyl ammonium amine zelks. The o858 of drag reducktion at
cribical tempgrabturae, 15 ragalindd upon coollng.

3= Effacl of Tube Diameler

Diamatar affects on drag raduckion was found Lo be diffsremt from
thosa obsarved aither in soluciona of high palymar or nfon=i0nlc
gurfactant salutions, For the same workimy conditi;ons. and for
tubas of 2.69 and £.17 mm diamezer, Fig. (6§ and (7] show Ehal the
dreg reduction was highar in thae larger tube, This may ba doa tha
graatar wall sheay streas in the amaller tubs. Consequeantly. LCha
affactivae micellar structure might be reduced; leading to  Snaller
drag reducing activity, The maximum drag reduction extended to
higher Revnolds numbars, by inereesima the Eube diametsr, The
machanical degradation was found te nﬁcur at opproximacaly a fixed
critical wall shaar atressg,

A=-3 Erffect of Concenlireolion aof Callognig swuefsel anl

Figures [(8) indicatas Lhat . by intressing Lha pdditiva
concontration from 1000 te 2500 wepm., { ! : 1 weight rabicl), of
Q283 © ; godiumnm salicylabe, Ehe A4F&d PFeduction actliviby i3

improved and the crijtical wall shear stress is shifted to fhighar
valuas., By ifncrassing bthe surfactant <oncantration. the red
lengchs increasad and may reault din  formation of largs stabla
rodlihe micelles uhich imerove the drag reduction performance.
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=4 Effecl ol° Addllives Courcernleal i An

Tha addition of sodium aalicylate to the cationic sw-factant
affoce @widely {te Bahavior. Salicylate anions ack &3 counter—iond
teé tha oppo=itely chargsd catbtianic head=groupz and asaist saharsa
te rads tranaibion of the micellas, Plata of tha parcentage drag
reduction foy 1300 ppm erveyl trimebhyl ammonium  chloride wiih
wary ing amounts of socdivm saslicylate, at different Camperaturs are
ahewn in Fig. (9}, By incresalng the rconcembratien of sSodium
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gallgyinte Lo 1500 ppm and more. the system showed drag reducing
activity., This may be due Lo the rapid grovwing of the rodlike
micallan. Revérsible shesr depradation wasz obasrved st higher
Raynoldns number,
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4- CONCLUSION

Differant strucktures of cationic surfactants. (quaternsary ammon i um
3alts). hava been testsd experimentally. for drag reduction. The
following rasults may be concluded

- The mechanlical degradation under shear strass was fougd to
be reversible with maximum working Ltemperature of 110 C.

- The length of alkyl group has & major effect on the upper
‘temperature limit of drag reduction. Appreciable amount of
relatively shortar chain reduces the maximum temperature.

- Increasing the concentration of additive mixtursa, erucyl
trimethyl ammonium chloride / sodium salicylate, from (2000
/ 2000) pem to (2500 / 2500) ppm was found to riass Lhs
lower temperature limit for the drag reduction.

- The drag reducing abjility and mechanical stability of
additive mixture containing (erucyl Erimethyl ammonium
chleoride-sodium salicylate by (1 : ) weight ratio
increased with concentration increags from 1000 to 2500
ppm. Excass sodium salicylate at different toemperatures
improved the drag reduction performance.

- The drag reduction increases as the tubs dfameter
increases. '

- The upper and lower tempsrature limits for drag reduction
change with using different structures,
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