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KHAO SAT ANH HUGNG CUA MOT SO YEU TO
DEN KHA NANG GIAM LUC CAN CUA DUNG DICH SURFACTANT

INVESTIGATE THE EFFECTS OF FACTORS TO THE DRAG REDUCTION OF SURFACTANT SOLUTION

TOM TAT

Bai bdo nay nghién ctiu vé anh hudng clia dutng kinh dng, ndng do chat counter-ion va surfactant
trong mgt so dung dich chat hoat dong bé mat surfactant véi cdc nong do khac nhau khi dong dung dich
chdy rdi bén trong mét dudng dng tron kin. Khi tang ndng do counter-ion gitip ma rong mién giam luc cdn
clia dung dich surfactant theo s Reynolds tdi so Reynolds I6n hon. Véi dung dich 800ppmx10, kha nang
giam lyc can tang Ién dén so Reynolds khoang 60000, muic t6i da cong suat bom cla hé thong thi nghiém,
va van tiép tuc cé xu hudng tang nita, trong khi dung dich 800ppmx1 cho kha ndng gidm luc cén chi t6i so
Reynolds khoang 55000. Dung dich ¢d nong do surfactant cao hon (800ppmx1) cho phan tram giam luc
¢an cao hon (cao nhat khoang 39% ting vi s6 Reynolds khodng 45000) va m& rgng mién gidm luc can
theo s6 Reynolds (tdi s6 Reynolds I6n nhat khoang 55000) so véi dung dich ¢6 nong do surfactant thap
han (500ppmx1) véi phan trdm gidm luc can cao nhat khoang 35% ting vdi s6 Reynolds khoang 40000,
mién gidm Iy can tdi s6 Reynolds I6n nhét khoang 47000. Ong 6 dutng kinh 10mm cho kha nang giam
uc can tt han Gng 40mm, I6n nhat dat t6i 60% (ing véi s6 Reynolds khodng 30000, trong khi 6ng dudng
kinh 40mm chi dat I6n nhat khoang 40% ting vdi s6 Reynolds khoang 40000.

Tir khod: Gidm luc can, dong chdy rdi, surfactant, counter-ion, duong kinh dng.

ABSTRACT

This paper investigates the effects of tube diameter, counter-ion and surfactant concentrations in a
number of surfactant solutions at different concentrations when the solution flow is turbulent within a
circular pipe private. Increasing the counter-ion concentration expands the region of drag reduction of the
surfactant solution according to the Reynolds number to a larger Reynolds number. With 800ppmx10
solution, the reduction in drag increases to Reynolds number about 60000, the maximum pumped
capacity of the test system, and continues to increase further, while the 800ppmx1 solution offers a
reduced capacity. resistance up to Reynolds about 55000. Solutions with a higher concentration of
surfactant (800ppmx1) give a higher percentage of drag reduction (the highest is about 39% for Reynolds
number about 45000) and expands the region of drag reduction of the surfactant solution according to
the Reynolds number (up to a maximum Reynolds number about 55000) compared with a solution with
lower surfactant concentration (500ppmx1) with the highest percentage reduction of drag of about 35%
corresponding to a Reynolds number of about 40000, the region of resistance to maximum Reynolds
number 47000. Pipe diameter of 10mm provides better resistance reduction than 40mm tube, maximum
is 60%, with Reynolds number about 30000, while 40mm pipe only reaches 40% maximum with
Reynolds number about 40000.

Keywords: Drag reduction, turbulent flow, surfactant, counter-ion, pipe diameter.
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1.PAT VAN BE

Gidm luc can da dugc biét dén tu
nhiing thé ky trudc rang véi néng do
nho (vai pg/g) polyme hodc chat phu
gia hoat tinh bé mat trong dung dich
chat léng sé lam gidm lyc can dong
chay r6i trong dudng éng so véi mot
chat 16ng tinh khiét. Hién tugng nay lan
dau tién dugc gidi thiéu bsi Toms vao
nam 1948, thu hat sy chd y cha nhiéu
nha nghién ctu ti nhitng nam 1960. Su
quan tam téi van dé va pham vi nghién
ctu tang Ién khoéng chi bgi tam quan
trong cuda hién tugng nay trong linh vuc
co hoc chat Iong va luu bién hoc, ma
con tU thuc té rang Ung dung clia cac
chat phu gia cho phép tiét kiém dang
ké tiéu thu nang lugng dé van chuyén
chat long [2]. M6t s6 lugng 16n céc bai
bao da xuat hién mo ta cac khia canh
khac nhau cuta hién tugng gidm luc can.
Virk dua ra tu cac thi nghiém cia minh
mot dudng tiém can téi uu cla viéc
gidm luc cén t8i da dugc thé hién bang
ham cda sé Reynolds [3]. Gidam luc can
trong dong chdy réi c6 thé cling thu
dugc bang cach b sung sgi hda hoc.
Ung dung chinh hién tai cta gidm luc
can la sy gia tang t6c d6 dong chay
trong cac dudng 6ng dan dau thé. Hon
nira, phu gia polyme ngan ngua tic &
trong c6ng ranh bang cach tang téc do
dong chay trong thdi gian qua tai nhu
mua lén. Mét van dé cla viéc sir dung
cac phu gia polyme trong cac mach kin
la su suy thodi, tuc la, cac polyme bi mat
thudc tinh gidm luc can clia ching do
su thay d8i cac thédng s6 phan tdr cda
ching. Tuy nhién, d6i véi cac ing dung
thuc té trong cac mach kin, nhu hé
thong suéi trung tadm, lam mat va hé
théng diéu hoa khéng khi, viéc st dung
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cac chat hoat dong bé mat c6 thé ngan chan su xuéng cap
nay. Mét so tac gia da phat hién ra rang khéng c6 thoai hoa
xay ra trong khoang thai gian dai trong céc dung dich chat
hoat dong bé mat. "Surfactant" la cach viét tat tién Igi cua
"chat hoat déng bé mat". Trong s6 cac chat hoat dong bé
mat dugc st dung dé gidm luc can, phai phan biét gira
chat hoat déng bé mat khéng ion, chat hoat déng bé mat
anion, va chat hoat dong bé mat cation. Nhugc diém cla
chat hoat ddng bé mat anion, chl yéu la mudi clia chat béo
va axit, ching tao thanh cadc mudéi khéng hoa tan véi canxi
va cac ion magié c6 trong nudc may va nudc bién. Nhugc
diém nay dugc tranh bing su két hgp cla chat hoat dong
bé mat cation hexadecyltrimethylammonium bromide,
thuong dugc goi la CTAB, va 1-naphthol. Nhu vay, phu gia
thém vao chat hoat déng bé mat gitp tang hiéu qua trong
st dung dé gidm luc can [4]. Tuy nhién, khd nang gidm luc
can cha dung dich surfactant chiu anh hudng cua rat nhiéu
yéu t6 nhu: ndng d6 surfactant, phu gia, nhiét d6 dung
dich, duéng kinh 6ng,... Muc dich cta nghién ciu nay la
khado sat thuc nghiém anh hudng cia néng d6 phu gia
counter-ion, surfactant va dudng kinh éng dén kha nang
giam luc can ctia dung dich surfactant déi véi dong chat
I6ng chay réi trong dudng 6ng tron kin.
2. THIET LAP THi NGHIEM
2.1. Dung dich s dung trong thi nghiém

Dung dich thi nghiém da dugc sir dung la hoat chat bé
mdt Surfactant, surfactant cation hexadecyl trimethyl
ammonium bromide (CTAB) dugc san xuat béi cong ty
Glentham (Buc). Counter-ion (Sodium salicylate - C;H,NaO,)
la san phdm cda céng ty DEAJUNG (Han Quéc). Trong
nghién ctu nay, cac dung dich surfactant véi nong do
500ppm va 800ppm két hgp véi counter-ion c6 ndng do
lan lugt gap 1 va 10 lan theo phan tl Mol da dugc st dung.
Ky hiéu cla cac dung dich thi nghiém la 500ppmx1,
800ppmx1 va 800ppmx10. Cac dung dich surfactant dugc
pha bang nudc may tlr ngudn cung cap cla thanh phé da
dugc loc sach. Sau khi pha ché xong, cac dung dich thi
nghiém dugc gilt trong thdi gian 24 gid dé dam bdo can
bang li héa trudc khi st dung.
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Hinh 1. D4 nhét trugt la ham cla toc do truot

D6 nhdt trugt (shear viscosity) cia cac dung dich thi
nghiém dugc do bang thiét bi 6152020 FR MMA dudng
kinh nén 20mm. Dd nhét cla cac dung dich dugc biéu dién
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dudi dang ham ctia van téc trugt (hinh 1) véi nhiét d6 do
20 + 1°C. P6 nhét clia cac dung dich surfactant-counterion
500ppmx1 va 800ppmx1 giam dan khi téc do truot tang.
Trong khi d6 dung dich 800ppmx10 véi nong do
counterion tang 1én 10 lan c6 su tang doét ngdt trong
khoang t6c do trugt tir 10 dén 1000 (s). Diéu nay cho thay
néng dd counter-ion cé anh hudng dén dd nhét clda cac
dung dich va lam xuat hién cac dac tinh rheology bat
thuong trong cac dung dich thi nghiém. Cac dac tinh
rheology bat thudng xudt hién trong dong chay dugi anh
hudng cla trugt (shear) c6 thé anh hudng dén kha ning
giam luc can clia cac dung dich surfactant.
2.2. M6 ta thi nghiém

Hé thdng thi nghiém dugc mé ta nhu trong hinh 2. Dung
dich thi nghiém dugc luan chuyén trong hé théng bang bom
EBARA (Nhat ban) cé cot 4p 15m, luu lugng 13L/min, véi
nhiét d6 dung dich la 20 + 2°C. Luu lugng cia dong chdy qua
ong thi nghiém dugc do bai thiét bi do dong dién t
Keyence, model FD-M50L (Nhat Ban). Ong thi nghiém la éng
tron c6 dudng kinh trong lan lugt 1a 40mm va 10mm, chiéu
dai tuong Ung 6m va 2m. Hai dau do dugc dat trén dudng
6ng thi nghiém sao cho dau do thd nhat cach dau éng
>1,0m dé tranh &nh hudng cla 16i vao Ién két qua do, dau do
tht hai dugc dat cach dau do thdé nhat L = 0,5m hodc
L = 1,2m. D6 chénh léch ap suat gilra hai dau do dugc do
bdang cadm bién ap suat (sensor) Validyne, model DP15-22
(My). Cac cam bién dugc két néi véi may tinh thong qua bé
xU ly dit liéu DrDAQ s dung phan mém Picologé.
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2.3. Hé s6 ma sat thanh éng

TU o s& ly thuyét, c6 thé nhan ra rang gidm luc can phu
thudc vao hai yéu t6: S6 Reynolds va hé s6 ma sat. S6
Reynolds dugc dinh nghia theo céng thuc [6]:

V.D
w T (M

v

w
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Trong d6: v, - d6 nhét déong hoc cla nudc, (m?/s);
D - dudng kinh 6ng, (m); V - van t6c trung binh, (m/s).

Hé s6 ma sat A dugc tinh theo cong thic:

D 2A

=D 20
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Trong d6, Ap la d6 chénh &p gilia hai diém do c6
khoang cach L.

& viuing chay tang, dung dich surfactant chua cho thay
su gidm hé sé ma sat, tai day hé s6 ma sat dugc xac dinh
theo céng thuc [6]:

a2

Re,,

Ti I& gidm lyc can véi dong trong 6ng chay réi dugc tinh
theo phan tram (%) nhu sau:
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Trong d6, As va A tuong Ung la hé s6 ma sat clia nudc va
clia dung dich gidm luc can.

Trong ving chdy r&i, hé s6 ma sat clia nudc xac dinh
theo cong thuic Blasius [5]:

A=0,3164Re"* (5)

Zakin da xay dung dudng tiém can gidm luc can I6n
nhat doi v6i dung dich gidm luc can surfactant [1]:

A =1,26Re™>
3. KET QUA VA THAO LUAN
3.1. Anh huéng cta néng dé surfactant

Hinh 3 cho thay n6ng dé surfactant trong dung dich cé
anh huang dén kha nang giam luc can. Dung dich cé néng
dé surfactant cao hon (800ppmx1) cho phan tram giam luc
can cao hon (cao nhat khodng 39% Ung vdéi s6 Reynolds
khoang 45000) va c6 mién gidm luc can rong hon theo s6
Reynolds (vi s& Reynolds I16n nhat khoang 55000) so vdi
dung dich ¢6 néng d6 surfactant thap hon (500ppmx1) vGi
phan tram gidm lyc can cao nhat khodng 35% (ing vdi s6
Reynolds khoang 40000, mién giam luc can t&i sé Reynolds
I6n nhat khoang 47000.
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Hinh 3. Anh hung clia ndng o surfactant dén kha ning giam luc can
3.2. Anh huéng ciia néng dé counter-ion
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Hinh 4. Anh huéng ctia néng 9 counter-ion dén kha nang gidm luc can

Hinh 4 cho thdy anh hudng cla n6ng do counter-ion
dén kha nang gidm luc can cltia dung dich surfactant khi
tang s6 Reynolds. Dung dich surfactant chia it Counter-ion
hon (800ppmx1) cho kha nang giam luc can Ién nhat
khoang 39% & s6 Reynolds khoang 45000. Khi tiép tuc tang
s6 Reynolds thi hién tugng gidm luc can cta dung dich
gidm dan, hé sé ma sat thanh éng ctia dung dich tr& vé gan
vGi hé s6 ma sat cla nudc (tGi s6 Reynolds khoang 55000).
Tuy nhién khi tdng néng d6 counter-ion 1én gap 10 lan,
dung dich 800ppmx10 van cho thay su tang kha nang giam
luc can khi s6 Reynolds tang Ién trén 60000 va van tiép tuc
tang khi hét cong suat ctia bom trong thi nghiém.
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3.3. Anh huéng ctia dudng kinh éng
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Hinh 5. Anh hung cta dudng kinh 6ng dén kha ning gidm luc can

Hinh 5 cho thdy anh huéng cla dudng kinh 6ng dén
kha nang gidm luc can ctia dung dich surfactant. Cing moét
s6 Reynolds nhung & dudng kinh 6ng khac nhau thi hé s
ma sat khac nhau. Ong dudng kinh d = 10mm cho kha
nang giam luc can Idn nhat la cao hon so véi 6ng cé dudng
kinh 40 mm khi khao sat véi dung dich 500ppmx1. Ong cé
dudng kinh 10mm cho kha nang gidm luc can lén dén trén
60% trong khi 6ng c6 dudng kinh 40mm chi dat khoang
35%. Tuy nhién 6ng c6 dudng kinh 40mm c6 mién giam luc
can I6n hon (giam luc can t6i s6 Reynolds 16n hon). Nhu
vay, déi véi dung dich surfactant thi 6ng c6 dudng kinh
nho hon cho khé nang gidm luc can & s6 Reynolds t6i uu la
cao han so vai 6ng c6 dudng kinh 16n hon & s6 Reynolds t6i
uu, diéu nay ngugc vdéi dung dich Polyme nhu két qua
nghién ctru vé gidm luc can ctia M. Dugonik, D. Goricanec, J.
krope tai Dai hoc Maribor Smetanova ul. 17 [2] si dung
dung dich Polymer Habon G solution, cho két qua éng cé
dudng kinh 16n hon giam luc can tot han va cé mién giam
luc can rong hon theo sé Reynolds so vGi 6ng c6 dudng
kinh nhé hon. Trén thuc té, cdc dudng 6ng dan dau thé cé
dudng kinh 16n ngudi ta thuong st dung cdc dung dich
Polyme. Van dé vé duong kinh 6ng hién van con chua dugc
hiéu day dd va van can tiép tuc nghién ctu dé lam ré su
anh huéng nay dé tim ra quy luat hodc cong thuc toén vé
kha nang gidm luc can t6i uu véi mot dudng kinh 6ng bat
ky cha dung dich surfactant va dung dich Polyme.
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4. KET LUAN

Nghién ctu cho thay rang khi st dung t8 hop dung dich
surfactant va counterion lam gidm hé sé ma sat A trong
dong chay roi. Mdc dé giam ma sat hay con goi la giam luc
can phu thuéc vao nhiéu yéu té trong d6 c6 ndng dé
counter-ion, surfactant va dudng kinh 6ng. Khi tang nong
dé counter-ion gitp Mm@ rong mién gidm luc can cta dung
dich surfactant theo s& Reynolds. V6i dung dich
800ppmx10, kha ndng gidm luc can ting lén dén sé
Reynolds khodng 60000, muc t6i da cong suat bom cta hé
thong thi nghiém, va van tiép tuc c6 xu huéng tang nia,
trong khi dung dich 800ppmx1 cho kha nang gidm luc can
chi t6i s6 Reynolds khoang 55000. Dung dich ¢6 néng dé
surfactant cao hon (800ppmx1) cho phan tram giam luc
can cao hon (cao nhat khodng 39% (ing vai s6 Reynolds
khoang 45000) va mé& rong mién gidm luc can theo s6
Reynolds (t&i s6 Reynolds I6n nhat khoang 55000) so véi
dung dich c6 néng d6 surfactant thap hon (500ppmx1) véi
phan tram gidm luc can cao nhat khoang 35% Ung vai s6
Reynolds khoang 40000, mién giam lyc can tGi sé Reynolds
I6n nhat khoang 47000. Ong ¢ dudng kinh 10mm cho kha
nang gidm luc can t6t hon 6ng 40mm, I6n nhat dat téi 60%
tng vdi s6 Reynolds khoang 30000, trong khi 6ng dudng
kinh 40mm chi dat I6n nhat khodng 40% Ung véi s6
Reynolds khodng 40000.
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