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TOM TAT

Luc can dong chay c6 thé giam dang ké khi thém vao chat
hoat dong bé mat surfactant. Khi luc can dong chay giam lam
cot 4p va cong sudt trén truc ciia may bom ciing sé thay doi.
Trong nghién ctru nay, hién tugng giam lyc can trong duong
dng str dung phu gia giam lec can surfactant dugc khao sat
bang thuc nghiém. Dong thoi cac théng sé ciia bom ly tim
nhu c6t 4p va cong suat ciing dugce do bang thuc nghiém véi
cac dung dich c6 chtra chat hoat dong bé mat voi ndng do
khac nhau 1a 200x10 ppm va 400x10 ppm. Két qua thuc
nghiém cho thay rang khi sir dung phu gia surfactant thi lyc
can dong chay giam, cit ap ctia may bom tang 1én va cong
Suit tiéu thu trén truc duwoc giam xudng nho hon khi bom
nudc may thong thuong.

1. GIOI THIEU

Khi thém mét luong nhoé chat phu gia
polyme hoic chat co hoat tinh bé mat surfactant
c6 thé 1am giam dang ké luc can dong chay
(Toms, 1948). Hién tuwong giam lyc can dong
chay rdi co thé duogc sir dung de tang luu luong
hoic giam kich thuéc dudong dng va cong suat
tiéu thy cia may bom. Virk da bao cdo rang,
kha nang giam lyc can co thé dat toi 70% khi sir
dung chat giam luc can polymer (Virk, 1975).
Tuy nhién, phu gia polyme bj thoai bién duéi
tac dung co hoc vi du nhu lyc cit khi chat long
van chuyén qua banh cong tac cua bom ly tim
(Myska and Zakin, 1997). Mysel ciling da quan
sat duoc hién tugng giam luc can cua dong chat
long chay rdi khi nghién ctu giam luc can st
dung chat hoat tinh bé mit surfactant (Mysels,
1971). Cac két qua thuc nghiém cua Mysels da

chi ra rang surfactant co thé giam luc can 1én
dén 80%. Uu diém caa chat giam luc can
surfactant 1a kha nang ty sua chita sau khi bi
pha v& boi Gng suat truot cao. Do vay,
surfactant c6 thé (ng dung trong cac hé thong
tuan hoan kin nhu trong cic hé thong sudi am
va lam lanh khu vuc (District Heating and
Cooling - DHC) cua cac toa nha, nha may. O
cac hé théng do, dong chét long dugc luan
chuyén bang cac may bom ly tim trong mét chu
trinh kin. Do vdy, viéc sir dung cac chat phu gia
giam lyc can surfactant co thé giam dang ké
cong suét tiéu thu cua may bom.

Anh huéng cua chat hoat dong bé mat dén
kha nang lam viéc cua bom cling da dugc
nghién ctru. Gasljevic va Matthys da nghién cuu
thuc nghiém véi hai may bom ly tdm c6 duong
kinh banh cong tac khac nhau cung lam viéc &
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tbc d6 3450 vong/phit ding dé van chuyén
dung dich giam luc can surfactant ion duong
(Ethoquad T13-50 cua Akzo Chemical) cé
NaSal 1a d6i ion (ndng d6 dung dich tir 2000
ppm dén 4500 ppm) (Gasljevic and Matthys,
1992). Két qua cho thdy rang, dic tinh cta cot
ap-luu lugng cua may bom khong bi anh hudng
ddi véi ca hai truong hO’p banh cong tac khac
nhau, tuy nhién cong sudt yéu ciu giam dén
10%. Ogata va Watanabe (Ogata and Watanabe,
2000; Ogata, Watanabe and Kimura, 2019) da
dé xuat phuong phap do giam luc can trong may
bom bing cich do md men xoén tac dong lén
banh cong tac khi thém phu gia surfactant
(Ethoquad O/12 bai Lion) véi NaSal 1a ddi ion
vao chat long van chuyén. Phan trim giam luc
can toi da 1a khoang 30% khi s6 Reynold Ién
hon 3x10°. Piéu nay cho thiy viéc bo sung chat
hoat dong bé mat co thé cai thién cac dic tinh
Cia mdy bom. Nhung trong nghién ctru nay ho
khong dé cap dén anh huong cua noéng do
surfactant dén hiéu suat ciia may bom.

Trong nghién ctru nay, hién tugng giam lyc
can trong dng véi dung dich surfactant c6 nong
d6 khac nhau 200 ppm va 400 ppm dugc khao
sat. Pong thoi cac dic tinh cia may bom nhu
cot ap, hiéu suat, cong suit ciing dugc khao sat
dé danh gia anh huong cua chat hoat dong bé
mat dén kha ning tiét Kiém ning luong tiéu thy.

2. CAC VAT LIEU VA PHUONG PHAP
2.1. Vat ligu

Dung dich surfactant dugc st dung lam
chat phu gia giam lyc can 1a cetyltrimethyl-
amonium bromide (CTAB) (Glentham Life
Sciences (England)) duoc tron véi chat chi thi
couter-ion (ddi ion) (NaSal, Sigma-Aldrich).
Nong d6 CTAB dugc dung trong thi nghiém
nay 1a 1a 200 ppm, 400 ppm. Surfactant va ddi
ion (counter-ion) duoc két hop theo ty 1& sau:
nong do surfactant x sé Mol phan tir (vi du 200
ppm x10; 400 ppm x10). Trong nghién ctu
nay, ty 1& mol phéan tir gitra d6i ion NaSal va
surfactant dugc chon 1a 10. Ching t6i chon ty 1€
nay vi theo mot s6 nghién ciru (Anh Tuan and
Mizunuma, 2013; Mizunuma, Nakamura and

Shimokasa, 2019) véi ty 18 dbi ion nay dung
dich c6 tinh dan hdi nhét thap nhung van c6 kha
nang giam lyc can t6t. H3n hop dwoc hoa trong
nuéc may va chua trong thung 24 gio dé dam
bao can bang 1y hoa.

2.2. Po do nhét trwet cia dung dich

May do luu bién kiéu quay véi cam bién
kiéu non — tim phang (Discovery Hybrid HR-
3, TA Instruments, USA) dug¢c su dung dé do
dd nhot trugt cua cac dung dich thi nghiém.
Cam bién duoc st dung 1a loai non — tam
phang hinh nén c¢6 duong kinh 40 mm va goc
nén 1a 1° (Hinh 1). Tét ca cac phép do duoc
thuc hién ba 1an & ché @6 truot 6n dinh trong
pham vi 0,01-1000 s* & 20 + 0,1° C. Truéc
khi do d6 nhét cua cac dung dich thi nghiém,
may duoc hiéu chuan bang cach do do nhét
truot cua nudc kKhir ion.

4 Mé&u thi nghiém

[

5 X
' Té&m phéng

Hinh 1. Cac thong sb co ban ctua cam bién do
d6 nhat kiéu non — tam phang

2.3. Po cit ap, cong suit trén truc Ciia may
bom

Cam bién chénh léch ap suit
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Hinh 2. Hé thong thi nghiém do giam lyc can
va cac thong so cua bom
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Cot 4p va cong sudt trén truc cua bom ly
tam duoc do bang thuc nghiém khi hoat dong
V6i V6i nudc may va chit hoat dong bé mit
CTAB. Hé thong thi nghiém duoc thiét ké va bd
tri nhu trong hinh 2. Dung dich dugc bom bang
may bom ly tam tir bé c6 dung tich 150 lit di
qua hé théng duong 6ng roi quay vé bé. Bom
kiém tra 1a bom ly tim mot tang 25SCD 6.25
(Obara Pump, Nhat Ban) véi cac thong s6 luu
lwong, cot ap va sd vong quay dinh muc tée do
cia may bom thtr nghiém 1a 13 L/ph, 14,5 m va
3600 vong/phut. Cot ap cua may bom dugc do
bang ddng hd do ap (M5200, Sensys Korea), luu
luong dong chay do bang cam bién luu luong
(FD-M 100, Keyence America), mo-men Xoan
trén truc may bom dugc do bang bd cam bién
mo men (ATO-TQS-D01, ATO China). Trong
nghién ctru nay ching t61 khao sat hién tuong
giam luc can trong duong ong acrylic co duong
kinh trong 17mm. Trén duong oOng, cac dau do
ap suat duoc thiét ké dé 1ap bo cam bién chénh
léch ap suat (DP15 — Valydine, USA). Ngoai ra
tbc d6 cua dong co dién din dong bom duogc
diéu chinh bang bién tan (Mitsubishi FR-E520-
0.75K, Japan). Téc d6 quay 2350 vong/phit
cling dugc chon dé khao sat anh huong cua toe
d6 quay cua banh cong tac dén hiéu suat cua
bom ly tam. Cong suét truc dugc ude tinh bang
mo-men xoan.

3. KET QUA VA THAO LUAN
3.1 By nhét trwet cua dung dich
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Hinh 3. D9 nhoét truot theo van tdc truot
cua dung dich surfactant

Hinh 3 mé ta mdi quan hé gitta do nhét
trwot cua dung dich surfactant 200 ppm x10 va
400 ppm x10 va tdc do truot. DSi véi dung dich
surfactant 400 ppm x10, khi tdc do truot ting
thi d6 nhét truot ting va dat gia tri 16n nhat &
tbc do truot khoang 100s™. Hién twong ting
dot ngot cua d6 nhét cua dung dich nay xay ra
trong pham vi téc do trugt khoang (60 =+ 100
s'). Sau khi dat gia tri I6n nhat thi do nhét
giam dan. Déi véi dung dich 200 ppm x10, do
nhét truot dat gia tri 16n nhat khi téc do trugt ¢
gia tri khoang 800 s™. Do nhét cua dung dich
200 ppm x10 ting dot bién trong khoang tc do
trugt (200 + 800 s™). Sau d6 d6 nhot giam dan
khi tdc do truot ting. Tai gia tri toc do truot rat
cao, d6 nhét cua cac dung dich gan tiém can véi
do nhot cua nude. Noi chung, dbi voi ca hai
nong do dung dich 200 ppm x10 va 400 ppm
%10, khi tdc do trugt ting tir gia tri ban dau dén
gia tri toi han, dung dich nao c6 néng do 16n
hon thi d§ nhét cao hon va gia tri téi han caa
tbc do trugt nho hon dung dich c6 ndéng do
surfactant thap. Ca hai nong do surfactant trén
déu thé hién hién tuong d6 nhét ting dot ngot
(shear thickening) khi toc do truot dat dén gia tri
t6i han. Rat nhiéu nghién ctru da chi ra rang, voi
cac dung dich c6 hién tugng nay c6 kha nang
giam lgc can manh (Boltenhagen et al., 1997;
Hu et al., 1998; Stern and Myska, 2001).
Nguyén nhan cia hién tugng nay dugc cho la do
sy hinh thanh cic cdu tric dang gel dudi tac
dung cta @ng suat trugt (Shear Induced
Structures - SIS). Do su xuat hién cua cac cu
trac SIS nay s& dap cc xody rdi va lam tang hoa
dong chdy, qua d6 lyc can dong chay bi giam
xuéng dan dén téc 6 dong chay duoc ting lén.
Sau khi hién tuong tang 46 nhét dot ngot (shear-
thickening) xay ra tai tbc do truot téi han thi do
nhét caa dung dich lai giam dan khi toc d6 truot
tang (shear thinning behavior).

3.2. Hién twgng giam luc can trong duwong
6ng ciia dung dich surfactant

Savins (Savins, 1964) 1a ngudi dau tién sir
dung cum tr “giam lyc can - Drag Reduction)”.
Hé s6 lyc can DR 1a ty s6 giita gradient ap suat
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cua dung dich giam lyc can (dung moi hoa tan
dd duoc thém chit phu gia giam luc can) véi
gradient ap suat cia dung moi hoa tan (solvent)
tai cing mot luu luong trong cung mat loai dng.

b, = 2P
Aps

1)

Trong d6 Ap va Apg tuong Ung la cic
gradient 4p suat cua dung dich giam lyc can va
dung méi hoa tan.

V6i dong trong 6ng tiét dién tron chay rdi,
giam lyc can thuong dugc tinh theo phan tram
(%) nhu sau:

— " 100 (2)

S

DR% = fs

Trong d6 £, va f tuong tng 1a hé s6 ma sat
cua moi chat hoa tan va cua dung dich giam luc
can. H¢ s6 ma sat dugc xac dinh theo cong thuc
sau:

D.Ap

f= 2
2.L.pV

3)

Trong d6 véi D 1a duong kinh 6ng, p 1a ti
trong cua dung dich, V 1a van téc caa dung dich
trong 6ng va L 1a chiéu dai doan 6ng xac dinh
gradient ap suat (ton that suat trén chiéu dai
ong).

Virk et al. (Virk, 1971) da dua ra phuong
trinh tiém can giam lyc can 16n nhat (Maximum
Drag Reduction Asymptote — MDRA) bang viéc
xdy dung méi tuong quan cac s6 lidu dong chay
cho cic dung dich polymer khac nhau. Khai
niém MDRA da dugc cac nha nghién cuu giam
luc can st dung va dugc goi la tiém can giam
lyc can I6n nhat Virk. Cac dung dich polymer
hoa tan khac nhau doi héi cac ndong do polymer
khéc nhau dé dat dén tiém can. Phuong trinh d6
la:

1/ % =19log,, (Re f**)-32,4 4)
Hoac
f ~0,58Re®® (4000 < Re <4 0000) (5)

Dbi vé6i cac phu gia giam luc can surfactant, hé
s6 ma sat co thé thip hon so véi tiém can cua
Virk. Dua trén cac s6 liéu ddi véi chat giam luc
can surfactant trong moi trudng nudc va mudi
nhom trong moi truong hydrocacbon, Zakin da
dé xuat mot tiém can maéi cho cac phu gia giam
luc can surfactant (Zakin, Myska and Chara,
1996):

f =0,32Re % (6)

1<
E X Water

4 200 ppm x 10

- L

“E 01 + . = 400 ppm x 10
E [T

£ AN, . f=0.3164Re, 0%

© L /‘ S~ iy

O ~

‘I 0.01 33 f=64/ReW \\/}EI.QGREW'D‘SS

r Tiém cdn Zakin
0.001 L 1 \l\lll} i 1 \l\ll\=

1000 10000 100000
Re,,

1000000
Hinh 4. H¢ s6 ma sat cua dong chay khi van
chuyén trong duong ong c6 duong kinh trong 17

mm
60 7
] L]
4 g™ mE
>0 ] . S "
] [ ]
40 1 pabagn® 4 .
3 ] a1 A
e 30 1 A
o 3 . .,
20 ¢ . ‘4
] ] 4 200 ppm x10 A
10 +
] A m 400 ppm x 10 A
0 +— —_—t
0 20000 40000 60000
Rew

Hinh 5. Ty I¢ giam lyc can véi cac dung dich
surfactant c6 nong do khac nhau

Céc dung dich chét hoat dong bé mat trong
nudc co6 thé tao thanh cic mixen dang siu
(Lindman and Wennerstrom, 1980). Khi so sanh
v6i kha niang giam lyc can véi chat long
Newton trong dong chay rdi ¢ cung luu luong,
Su c6 mat cua cac cac mixen nay lam giam dang
ké luc can dong chay. Hinh 4 m6 ta hé s6 ma sat
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duong 6ng f theo s6 Reynolds dbi voi nudc va
cac dung dich surfactant c6 ndng do khac nhau.
Két qua cho thdy hé s6 ma sat ciia ng chiu anh
huéng dang ké cia ndng d6 surfactant. Anh
huong cua dung dich mixen hoa dén hé sé6 ma
sat c6 thé duoc mé ta nhu sau: Thir nhat 1a ving
chay ting (Re<2300). Khi néng d6 surfactant
ting 1én, dung dich chat hoat dong bé mat
surfactant 1am ting hé sé ma sat. Lac nay ta ¢
thé thiy hé s6 ma sat cua dung dich surfactant
I6n hon so v&i cia nude. Vung thir hai 1a vung
ting m& rong (2300 <Re<10000), cic dudng
cong ma sat song song véi tiém can giam luc
can cua Zakin (Zakin, Myska and Chara, 1996).
Trong ving nay, su giam hé sé ma sat tir cong
thirc Blasius ting 1én theo sé Reynolds. O cudi
ving ting mé rong, sy giam luc can van xay ra
trong pham vi thir nghiém caa chung t6i (s6
Reynolds ti da trong thir nghiém cua chung toi
13 60000). Téc d6 giam luc can cua dung dich
chat hoat dong bé mat 200 ppm x 10 va 400
ppm x 10 ciing dugc tinh toan theo cong thuc
(3) dé 1am 5 anh huéng cia nong do surfactant
dén hé s6 ma sat f. Trong thi nghiém cua
chung t6i, gia tri 1on nhat c6 thé dat duoc la
khoang 52% (Hinh 5). Sy gia ting cua toc do
giam luyc can DR duoc quy cho la sy gia tang
ctia cac phan tir phu gia lién két trong qua trinh
giam luc can xay ra khi ting ndng d6 surfactant.
Khi ton that dong chay trén duong 6ng duoc
giam xudng thi luu luong van chuyén ciing s&
dugc ting 1én va cong suét tidu thy cia mdy
bom s& dugc giam xudng. Trong cac phan tiép
theo, anh huong cua chat hoat dong bé mit
surfactant dén cac thong sd dic tinh cling nhu
ché d6 lam viéc cua may bom s€ dugc thao
luan.

3.3. Anh hwéng cia surfactant dén cot ap va
cOng suat trén truc ciia may bom

Q(L/ph)
40

H(m)
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Q(L/ph)
4 200 ppm, H(m)
—Nuwdce, P(W)
— - 400 ppm, P(W)

x Nudc, H(m)
m 400 ppm, H(m)
- = 200 ppm, P(W)

Hinh 6. Anh huong cua ndng d6 surfactant dén
cot &p va cong suat may bom

Dung dich hoat dong bé mat véi nong do
khac nhau la 200 ppm, 400 ppm duogc luan
chuyén trong hé théng vai téc d6 quay cia banh
cong tdic may bom la 2350 vong/phut. Cac thi
nghiém duoc thuc hién trong diéu kién nhiét do
& 2542 °C dé nghién citu anh huong cua nong
do surfactant dén thong sb cot ap H , cong suat
P va hé sb cot ap 77, Cla may bom (Hmh 6).

Hinh 6 cho thiy téng cot ap may bom ddi
Vi cac truong hop dung dich surfactant cao hon
S0 Voi truong hgp nudc may ¢ cung luu lugng
va khi ndng do chat hoat dong bé mit ting 1én
thi cot ap cling tang. DPoi voi mdy bom, cong
Suit trén truc cling 12 mot thong so quan trong.
Ket qua thyc nghiém & trén cho thiy rang cong
suat trén truc cho cac dung dich 200 ppm va 400
ppm giam dang ké & cung luu luong trong toan
b6 pham vi luu lugng lam viéc (Hinh 6).

Pé thay r6 anh huong cua nong do dén tong
cot ap cua bom, ching t61 da khao sat hé so
khong thtr nguyén ctia cot &p 7, :

H,-H

Mo = N.100% (7)

N
Trong d6 H, va H la tong cot ap cua
may bom va&i dung dich nudc may va dung dich
c6 surfactant.
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Hé s6 cot ap 7, ting 1én khi ndng d6 dung
dich hoat dong bé mit ting 1én (hinh 7). Nhu
vay rd rang khi thém phu gia giam luc can cot
ap cua may bom tang ¢ cung toc do dong chay.

15
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Hinh 7. Anh huong cua nong do surfactant dén
hé so cot ap may bom

3.4. Sy thay d6i diém 1am viéc cia may bom
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Hinh 8. Anh hudng cua ndng do6 surfactant dén
diém 1am viéc may bom

Hinh 8 thé hién mdi quan hé giira cot ap
may bom va cot ap hé thong ddi véi nude may
va dung dich hoat dong bé mit 400 ppm & nhiét
d6 25+2°C. Do giam ton that ap suét, duong
cong cot ap hé théng caa may bom déi voi dung
dich hoat dong bé mat 400 ppm giam so voi
treong hop nudc may. Su giam cot ap nay da
timg duoc dé cap boi Zakin (Chara et al., 1993).
Két qua thi nghiém cia nhom nghién ctu nay
cho thay ring ton that ap luc dugc giam khi s6
Re,, >2300. Bén canh d6, kha nang giam luc can
tang 1én khi ndng d¢ dung dich surfactant ting.

C6 thé thdy rang tong cot 4p bom ting lén
cho dung dich hoat dong bé mit 400 ppm, nhu
duoc thé hién trong hinh 8. Va trang thai chay
(A) cho trudng hop nudc may chuyén sang
trang thai chay mdi (A") cho truong hop dung
dich hoat dong bé mat. Ty I& giam ton that ap
suit AH va toc do tang téc d6 dong chay AQ
lan Tuot 13 5.1% va 10.2%. Nhu vy, khi thém
vao dong chay chat hoat dong bé mit, mdy bom
hOat dong & diém lam viéc co loi hon. Diéu nay
rit c6 y nghia trong viéc tiét kiém ning luong
cta hé thong sir dung may bom ly tam.

4. KET LUAN

Trong nghién ctru nay, thong sd cot ap va
cong sudt trén truc cia may bom ly tim duoc do
bang thuc nghiém khi hoat dong voi nude may
va dung dich c¢6 chira phu gia giam lgc can
surfactant. Ngoai ra, hiéu qua giam luc can cua
chat phy gia trong dudng ong ciing duge ching
t6i nghién ctru. Bang viéc phan tich anh huong
cia phu gia surfactant dén cot ap, cong suat va
su thay d6i diém lam viéc ciia may bom trong
hé thong, ching toi rit ra nhimg diéu két luan
sau: Dung dich surfactant c6 thé giup giam luc
can khi chat long van chuyén trong duong ong,
nong d6 phu gia tang thi kha niang giam lyc can
tang; Tong cot 4p bom ting va cong sudt trén
truc giam khi ndng d6 dung dich chat hoat dong
bé mat ting. Nhu vay bang viéc st dung
surfactant chung ta co thé cai thién diém lam
viéc cua may bom theo hudng cd lgi qua do6
giam chi phi dau tu ban dau cua hé théng.

Két qua cua nghién ctru bude dau da cho
thdy su giam cong suat tiéu thu cia bom khi sir
dung cac phu gia giam luc can. Nghién clru nay
1a tién d& cho cac nghién ctu tiép theo dé gop
phan ng dung phu gia giam lyc can trong céc
hé théng cong nghiép nhu hé théng lam lanh
hodc lam ndng tuan hoan kin str dung may bom
ly tam. Thong qua d6 co thé giam duoc chi phi
dau tu ban dau.

Tuy nhién, nghién citu méi chi dung lai ¢
quy m6 nho (small scale). Dé hoan thién viéc
tng dung can phan kiém ching & cac quy md
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|6n hon (large scale) va ¢ téc d6 dong l6n hon
(s6 Re 16n hon) trude khi ap dung thuc teé.
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ABSTRACT

Flow resistance can be significantly reduced by adding a
surfactant to the flow. As the flow resistance decreases, the
head and shaft power would also change. In this study, the
phenomenon of reducing drag in pipelines using surfactant
additives was investigated experimentally. Simultaneously, the
centrifugal pump parameters such as head and capacity were
also experimentally measured with solutions containing
surfactants with different concentrations of 200 x 10 ppm and
400 x 10. Experimental results showed that the total head of the
pump for a surfactant solution is higher than when working with
tap water; the efficiency of the pump for surfactant solutions
also increases, but the shaft power for surfactant solutions
decreases compared to tap water.




