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Long term drag reduction experiments of surfactant solutions in a pilot-scaled system
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The long term drag reduction characteristics of Habon-G solution were investigated in the

KIER pilot-scaled district heating simulation system. Test runs were implemented for 30

days without interruption. Pressure drop, flow rate and power consumption of surfactant

(Habon-G) solution were regularly observed and compared with those of plain watcr.

experimental results suggest that the surfactant can be effectively

The
applied to the DH trans

mission system for considerably long period wthout significiant loss of its drag reduction ca

pability even though the concentration of the additive may gradually «

stage of the experiment because of absorption.
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Fig.1{a) The lab-scaled experimental appara-
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Fig.1(b) The pilot-scaled experimental appara-

tus equipped with a uncompressed
tank
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Fig.1(c) The pilot-scaled experimental appara-
tus equipped with a compressed tank
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Table 1 Calibration table of Habon-G
concentration{ppm) absorbency
1 0.103
5 0.501
10 0.771
25 1.767
33.3 2.591
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Fig.4 Calibration curve of Habon-G

oot00f =TT ]
\ A G =0T Ry
"'}‘\-f;yg%
< o.0010]- — ]
0.0001 . \
104 10°

Fig.5 Effects of additive concentration on DR.
® | plain water

(Temp.=60C, 1. D.=1/2")

N

0.0100 — T
[ oo?s-n\».,.t"“*m;u
PR

© o010

¢ AL1/Z° 60 Deg. :

I+ 100 ]

+ 1 250 <

s 500 |

0 1000 !

0.0001 L __ . . . }
104 105

R.

Fig.6 EKffects of additive concentration on DR
at Temp. wog 1. D.=1/4" (symbols

[

are



2 A 9, olF olgue] AhEn 43
ARE Haslth 94 Azies 4

S|
HE £4e 27 702 841(0.714ml/50ml H,
O)gk &, o]Z 3mlZ F&te] UV cello 3,174 uv

g

Lo
-spectro photometer® 233nme| &3}
3tedal, kel calibration curved: o] &-3lo] =
= Alrbetsd .

4.1.1 H7HEe ¢
AW BAA ] s 50h vhA Lo v o
2 100ppm, 250ppm, 500ppm, 1000ppme] 7
ol tisted skt Ly B 2dle) 1k
= 60Ce] Z9nre e @ Figse)
62 7h7 1/2°s} 1/4" welAle] o] sl
& Reynoldsell w3t UV»"?ﬂ*)ﬁ((;:)‘if‘ }?’-04*7;
8, 2Rlel ) wizvbst o] W be] !
=% DR% = Z7H3s o 4 9luh é} A
- DR% 2 Aol 2 v )
~0] A FE7) dA s (eritical

F.3pdedell o

7}a‘l
EE O Alo] /‘3
w«oikiy O]U] -

micelle concentration)ol] & ed}a]

Aoz Atg¥E Tl =35k ol Reynolds 7ol Af
npEA gt el FaE AAERE 218 M 4 9l

==, OI//\]*S'
el 9| &t 5
Abs v
4.1.2
Habon-Gell ofgt o-r=eo] odagke 30, 60, 90°C
A uf gre] Wiste} gl WAy A, 250ppm
o] A7} Fig.72} Fig8ell Al Moz 31 9l o] 2]
A= gofeo] 97t Zvhgtel whet npab gy}

S TE el Al A A v

J2= &
AS1 ko] wpaju ol ofr)xl Ao

ku ri‘ X or rlm

2ol o)g ojgr

sEAbE SUbshY, AlE e vpdshd ul
Adda asks dad o e sh- e
FHEE g odvh weba] Ad e Aaslaatahis St
of F-mislellAl Abgshs Al @A Al
Ziol Aestrbar g 52 Qb ML el Al 37}
A7} "}!7}% SAE ol gate] Aol iade]

ot =AM & Alst) Vhal Afis =B A

1 47) opRE s qha A 105

0.0100 - C -

= 0079 . \.\‘\
R ““fﬂl\

\ Vlrk, i
i Imp, te A
+ T a

S o.oo10f e \\\\?
AL 172" 250ppm
+ 0 3
PR
om0
©.0001 L 1 J
104 165
R,

Fig.7 Effects of solution temperature on DR.
at Cone.=250ppm, 1. D.=1/2"( ® : pliun
water)

o.0t00[ g7 !
Tty & —
\\ A
R N
si"'Ploz
N i
© o.0010}- \\\
—
0.0001|_ _. . P
10? 10°
R.
Fig.8 Lffects of solution temperature on DR.

at Conc.=250ppm, 1. D.=1/4"(symbols
are same as Fig.7.)

ol gorelvhil ahut,
1.1.3 5
ene] o %01 ekl Figl7

WA el o

dh 8L ¥ el 4]
2 (wall shear stress) o] shpais 304

sl Fig9s) 1051 7tk Fig.o, IOOHM W iwl e}

trol el wHAIglel WA} A7 S]] wef 4

T A e Golshd

!
RS R ok sikelyl wia

¥ R e [
2ol 1/47 el Ali= wiiv} Fokaln drkelo] )
& gvrelsli=tl, 1727 el Az wdielo] Y]
Tkl Aol ke 1S whaer 4 oolelu
ehd Aol A A /} DR%ell3= vhas 2 &

#Fovehl A o4y g u]@r—o—}u [
AR

a2 2lo) o o] & o]



406 w4 % - o)

00100 i ) i %
o brwgye ]
38
L
44+
- 4
- s & At
<5 oootof A g
L
0.0001 . .
0.1 1.0 16.0 100.0
T.

Fig.9 Friction coefficient vs wall shear stress de-
pending on temperature at 250 ppm 1/2"
inner pipe diameter(symbols are same as

Fig.7.)
0.0100F T N
LY YT
+y NS
4
s 2 o
O o.0010} E
0.0001 . .
0.1 1.0 10.0 100.0
T.

Fig.10 Friction coefficient vs wall shear stress
depending on temperature at 250 ppm 1/
4" inner pipe diameter(symbols are
same as Fig.7.)

&L= whE A o) JrollE vha zto] vt gl

I

thi el A ek, QA e] wela] A
AuE FUGE wle W, AR S5
of B Ash HASHE ARk QA vl

42 Piot 722 A3
Pilot7t22] 2 #o| 1000ppm, 40Celd d2xi
THEA] ofe A HmE ARE Afe HaE

Hdated vpekgr AL

127k 7) AN A B Eled Ml

0O A5 O &
Zod - 887
0.0100 F i ]
e 3
seses 9
[P

as.
Yy fore 4
© 0.0010 - 4
- =]

0.0001 .
104 107
Ra

Fig.11(a) Friction coefficient vs Reynolds num
ber in a pilot-scaled system open to
atmosphere( ® : plain
1000 ppm Habon-G)

water, []:

0.0100

C o.0010

0.0001L___ .
104 10°
Ra
Fig.11(b) Friction coefficient vs Reynolds num-

ber in a pilot-scaled system filled
with Nitrogen(symbols are same as
Figure 11(a))

5 A% w5 odvhe BE AR Alzmglel At

Fig.11(a), (b)oll A} BEule} zho] A[FHof A=
ol 7

e HRYHY A& % 4 vk Figl2
(), (D AHRE 3718 299 FEugon
o AqtzAol ejstol A4 wEA 8 as (DR
%)% wABTL AnE A RS A%, 5
ok G pAle] AslvRe Tbs Aol 4FERE 4



Pilotyt ol Al AlAZ/g=] gee] 7] vpEAgitase)

“ 3

= 3

= 1

0 100 20‘0 300 400 50C
time(h)

Fig.12(a)} Drag reduction rate vs elapsed time
with 1000 ppm Habon-G in a pilot-
scaled system open to atmosphere

0 T T T
BO -
3 sof
=
S ol
20
0
o 125 250 375 500
time(h)

Fig.12(b) Drag reduction rate vs clapsed time
with 1000 ppm Habon-G in a pilot-
scaled system filled with Nitrogen

om FEEY whel ool BEE H4T 23

Z Fig.13 (a), (Mo ZA st Fig.13(a) 9]

A% R ATl Zdvistel wet Al 7Pashd,

53] Z7)A1zkel vl g FAS gadhs Mol

itk Fig13(bye] A, F Az d4ai 24

Shel o] Fs wlAlE AGelE o3 ol

= Emel Wslvh A dastuirh A4 Agte] A

v dshe vpehal 18-S whEE vt 9l

R ERel ARAE BASN ollel o

AlE st dA o] Hie W el FEE v kl{’ ‘1 3t

& A} (degradation)-2> tiA # o5 vp2-wp e o

Qlell ofded vhrpybohar & 4= Qlrd (1) ‘,‘%‘.

o] &2+8 Al (absorption), (2) #FaH(cxidization),

(3) 3}shuke-(chemical reaction), (4) dyks-#H

e A 407
1000 [~ y g v
é - -
Q. ]
5 3
3 5008 B
1
= @&‘I;EL
3 ELBEL
g - EIE 4
53 a3
HBoo--
SSmoe
ol . . .
o 250 500
time(hours)

Fig.13{a) Concentration variation with 1000
ppm  Habon-G in a pilot-scaled
system open to atmosphere

1000

£ L 4
Q.

o

5 p

3 500 4
g \

£ \

Q

< L 13 -
g OP8gooppa,, 000004

oL " . N
0 250 500
time(hours)
Fig.13(b) concentration variation with 1000

ppm Habon-G a pilot-scaled system
{illed with Nitrogen

(shear stress), (5) 99-2-¢ (thermal stress)

WA T Sk, B aeial 22
stoll Al H7pE Hvbstel AEHAE AR
$- ;%7] }M it &AYHDR%)7F g stod

i haglel W fel Sk
&5 914 zlaM- i’/]%E(C‘){‘ Zv)ell we
A Ao Al e) s o Qlgk Hvbdel b
WFAel elete] gl Had obv|etA
ojuf ¥t wwio] frlsh FAo g dsted vha A
9 de g wutshs f&el gam 1
o] @27t obsjElr} ‘L”M %‘%}91 HERSE
[} 5]
A



108 oh g - ol - BHE - 23

2 Rt ghaschan seim Al DR%e o= thax atel7h glojl dwts: A o
WEhE HolA g o b alvh At 2 gasielth frdel g i‘u\l&.‘!
2w FAE Agoh w1l el AeE FellAs Aol f-do] AR ki 3

Jaete] BH, F Alag]l 25 2Pl E e ol A Lteb AR, A M o ?’J-?-E*MI
1

o] Zhavh mszgh xR dolwtd s fiche df, Aiz TR A u, v g &
G bol| of & npabajatitae] Ash @atrhs s dHE v AEsk BEsh] Sle M w
of e]gh #EFE Aol v FE o4 7 vk 5 Aol i dARGE] e A7}
A FHste] st gE AbdE A gellis 7 yjojop At low AlgEY
Bao] o)d wrie] 74 o= A|7to] #w}sle) 4) vhEA S E (DR %) 9] Atslol] ofgt 3
whepa] w9 ebgHlele & vt slvh whepa] A o] Az ol Haef FHoytel] ofsto
| Al Ao wbiA] ARl RS alke G gle dEudet. g FAske] Frhgst
uhdo] palgofol g Aoju} mebe] g abdet A9vh bt 2E
el atsibge] vhssdel Ay Ha
5, & = Z FAATA @ Aol vske], AXA
A Folle el Wshoh Ao gla, ¢
npE s AR ol &8t A d At Ve dxl Ag veRar 9lis Ao wAEHY
Mg glell Bl whE A gVl v tho upebr] b el A ek el AtshAt g
sta Aate]l Aol 4@ Ao vz A o] & QL VA= For Hdyin}
A5 ol gstel HrbAle] wpEASAd v 2 5) Aldxvite] wriel wishi: ool
Aaglel A8E 313 pilotyriief ofu] ME&-3h A o] § A 4 (absorption)ol] o] &te] #]uf
gg pasiedvh. 2ol wRel whii vhE A &b A Ate]l el Felle Absl

v}
el ul2l= &Y }i— Ldbﬁm 0] ArE Ak a|of Al 3t

R

(oxidization), 3}8HH-8-(chemical reaction)
W A 5hS-2 (shear stress)ol o] ated 2)uj &
Wher) o mpebal A Abg-e] vhsahed,

1>

H7pe A skafAlel Habon-Gel whzbAighiia: 2] A Al o8 xr)En viite] e
S ME Ak Feehd v Ak o] nlxbal godu Ao Abslares x| st

1) #H7bse) snivh Fopees vpasig ga 7] 213k Wyjo] mAlsjoje} & ot}
A Fvbskaul, AT wie o]l
oju] o7l izl QAL H s (eritical X102 3
micelle concentration)ol] Ry¥Hale] E3hA)
efol o] 2 Ao w AlmFlIvh ujepr] Azl 1. Virk, 1. S., 1975, “Drag reduction funda
off Thg #H gk wiiel delo] ¥ g st mentals”, AIChL, J, 21, pp. 625~656.

2) Habon-Geol &2] 4&ke- Bele] 217} 2. Berman, N. S., 1978, “Drag reduction by
Zhstel whet wpEbA g bs gurh Sobel polymers”, Ann Rev. Fluild Mech., 10, 47~
vhob, ek A% Zvkshd 1o Evke g 64.

& wlis Z!'%‘ yharst *}r‘ Stk wepal A 3. Choi, U. S, Cho, Y. L. and Kasza, K. 1

A gAuje] S m oA Fupr e g At 1987, “Screcning and Degradation Tests of
1T A SR 7’*’):2‘ delstel AMEGHE Blo] & linear Polymer Additives for District
el Heating Applications”, ANI, Report-87-49,

3) ke :Oﬂ*l e-Giatelol efgh uhA o} vt December.
i

&
18 el AR } 24 sko] A Poll ] . Zal J. Myska and P.



Pilotit 2 el A A sbda o] 4] vl aitac] g A5t 409

Kratochvil, 1994, "Use of Friction Reduc-
tion Additives in District Heating System
Field Test”, at Kladno-Krocehlavy, Czech
Republic, Proc. Int’ 1. District Heating and
Cooling Assoc. Conf., Seattle, p. 141.

. Kulicke, W. M., Kotter, M. and Grager, H.

1989, Advances in Polymer Science, 1, 4.

5. Steiff, A. et al, 1989, Drag reduction in

Fluid Flows, Ellis Horwood, pp. €61 ~67.
. Ohlendrof, D., W. Interthal and H. Hoffman,
1986, “Surfactant Systems for Drag Reduc

. Sellin, R. H. S, and R. T.

tion . Physico-Chemical Properties and Rhe
ology Behaviour”, Rheol, Acta, 25, 468,
Shenoy, A. V., Colloid Polym. Sci., 262, 319
(1984).

Sellin, . H., Hoyt. J. W. and Scrivener, O,
1990, J. Hydraulic Res., 20, 29.

1989,

Tech

Moscs,
Fluid

niques for Friction Control”, Ellis Horwood

“Drag Reduction in Flows :

limited Press, Chichester, England.





