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Experimental measurement of the dynamic viscosity of hybrid engine oil -Cuo-
MWCNT nanofluid and development of a practical viscosity correlation
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ARTICLE INFORMATION ABSTRACT

In this experimental study dynamic viscosity of hybrid engine oil (5w-50)-Cuo-MWCNT nanofluid for
volume fractions of 0.05, 0.1, 0.25, 0.5, 0.75 and 1 percent of nanoparticles for temperatures of 5, 15,
25, 35, 45, 55 °C has been measured. This hybrid nanofluid has been prepared utilizing the two-step
method. For viscosity measurement, the Brookfield viscometer has been used. The experimental
measurments indicate that by increasing volume fraction of nanoparticles the viscosity increases; also,
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Viscosity by increasing the temperature the viscosity decreases. Based on the experimental results the maximum
Hybrid nanofluid and minimum viscosity increases with volume fraction increase from 0.05 to 1 at a constant temperature
MWCNT are 35.52 and 12.92 percent, respectively, relating to 55 and 15°C. Measurement of the nanofluid

Newtonian fluid

e h viscosity with different volume fractions, shear rates and temperatures indicates its Newtonian behavior.
Empirical correlation

A new temperature and volume fraction dependent viscosity correlation, developed in this study to be
used in numerical simulations, shows very good agreement with experimental results.

Jlwsl o osie ity al e 5o (o0mmr o8a) CujseelS docio -1

[ DOR: 20.1001.1.10275940.1395.16.12.86.1 ]

U Cad Sslie (Supdses plst sl LB G35 L s e
ouds wisle e Ojgoas Jg Dldgl les b a5 cul olo Jlwsil
yokieds by jemlS 6l ples calid gl (goanin Ol ST ol
ol ploul (goguome Sldllas (60 ;e o Jlawsil olss (sdim) o Ll

@bt ol wsile o on)S Sadslsil Gollhe (plss 4 azgs b ool

Please cite this article using:

<S> 5 4k Jhw g5 395 o3lul e Jlowgill slos (3956 (cozm> S
ol abox 5l laJlwsl elol saon cxjd 36U Sl n
S s Jlssil 20 lail 51 (o syt Jlowsil il 5l (g pn
0850 &8 o 5l e Sl ol Sl 5 oS Se e aiS gl 2 4
(Wl 1agd g0 adgs JSS 99 4 (s (SloJlmsgils 02l o olitl
et Sldsl (0 S e oasSTy Al Jlow ,3 15 0,366 aaz b g0

tawles ool o3 wle I e ol @ gla )l (510

A. Aghaei, H. Khorasanizadeh, Gh. A. Sheikhzadeh, Experimental measurement of the dynamic viscosity of hybrid engine oil -Cuo-MWCNT nanofluid and development of a
practical viscosity correlation, Modares Mechanical Engineering, Vol. 16, No. 12, pp. 518-524, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.12.86.1
https://mme.modares.ac.ir/article-15-12235-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.10275940.1395.16.12.86.1 ]

Oblen 9 BT L sle

e 2390083 ZUG Al 9 e SuwnST-0)1a0 3 (s )T Agleili ~ 9390 ISl E9) 539 Jlwwgil Saeliad a3 BT s S 01351

W95 n e Jlwsl Cail ress sl SI B 5l b Jae
o7 oS g Lo Gl b oS wisges GBS o] mizes it
5o by 5 05 i A Jlwsil ol

SrSoll ansy jo ety Cldllas 5l Ko S 4l Jgaz o
sanlie &5 jsblan ool oad o)lil gaypmn clolwsil ols>
(Gl S5 g5 a5l 05T gy sloJlwsil il )5 05 00
3 25 Al 5 (5518 1T Lol (0 08 5 (5308 30T Sl
sy b ouiomed ol 0o oolisl )8 sladlgdgil g 3l o 3g3t (2
Wlasly s ,ne Jlwsil coyl 8ol a4 a5 Sllllas ass
Co) o 6o Ygmne 5 Sl Jlmsil Co ) 4 395 0 patete
[15-8] ol Iyme 50 4l 3556 o by slo ool
ol B Jlwsil ) 7168l e sladlwsil ols3 xSl
Shed adlwsl ple> lp ond plowl Slillae sgame (pizen
4295 3590 b Jlwsil 5l g9l (Sl ulae oy i e o (LA
o0l r:l:;.i‘ LQQT i) 6 Seslul gl ‘5@5 S Sladllas 5 casl 004
S Jlwsll Cor i) eiST oty Sllllae oy p 4 a2 bl

1 . .

a1 =Tolax aiz (b8 dlgl -(BW-B0 é5) S50 SISy, o,
089y Gdrm Jlewsil Corpl adllae ol ol oo (S0l e
5 45) edenST-o oz sz 05 Aglyil -(BW-E0 (29)) s5ge ISl
ot =0l iz 20,8 dgeil -BW-B0 4, &jgods ke daldl
0.25 0.1 0.05 oz clopS ;5 oSy SoS b (w3 salys 53
4>,055 44535 25 15 5 slales ;o @lydgl 5l ao,e 1 5 0.75 0.5
g L oo 6}5”)‘“\" polie Jlaso! .ol 00 ‘5]50)_\:‘ u“?*“L*’
dlie oy Slalllae 3 00l W) (025 9 (595 397 se slaae
loosls @ azs5 b bl )5 09de (b))l e (ol (2Ul55 5 S50

35egm 03ld dgs (594 e Sl

ouloyf -2

0555 (pizrad g odlilul 9,50 (9, 5 Sldeil Cliogadr uend (nl o
5 Uslgil =(BW-50 (,25)) 5550 ,IS0ly, oy Sy Jlmgil 4
SrSoll 0928 s 9 3580 03 S e ST mo)lax ix
Syte ool 25 ol Seizs ez

099 ©lyd9il angi -1-2
el Gl &5 55 ol SAE SW-50 j5ise (189, ooliul 5,50 (5,
>l 09 (gr/cmB) oogdas a2 )0 15 slos o (485, ol Sz
it ofsy ol Sl Sl oo 52 i, slos el 94 (] 2y
o agrndas 22,5 236 5 =21

oyl S8 ooz sz () Sladlslyil g e 9 23550
ool Lt 3536l prgeai 1 IS 1o 5 Wlosds g “Wolyagil ligios
ool &yl 2 Joaz o oads eolatwl Ol 3gl Bliogas ized ol

sl

! Multi Walled Carbon Nanotube
*Pour point
®US Research Nanomaterials

519

S5 Jlwgil 5o Dh3gl ol asgls s i Gl sl 4 oS
oSl ) VW Y Gl 5 (oSl (bl G eizen 5 S oo
$o39L 5 (225 Aedsl sgzge D3L 5l (S e sladlwsil
il (5315 anST Sy S0 ]

by & sll5 > b ladlws 4 ()5 sladglyil oges a3l
30l oo Jlwsil (1405 Sl 5| 0anST o351 050 WLl g o oo
o35h olyieas ()5 Sladglsl | oalitul gaige ;3 oS (5500 WSS
Coi b ol o] oz 1S (o5 Gloaoo 5l eoliiul ogi cule, sl
0,356 b (6 yood Jliwsil 3l oolasul &Bly yo ol ansla ol ialsdl
2l D39l 5l %0s (o Dy )5 Sledldgil ol jondy (5316 apnS]
@bley wile (05 Sledlglyl jga> Collas ol Lt 4 SLLL SWS
i e eri) il e T ladl 151 il 5 YU

o 5 5o 1 NS slalan s [1] ol San 5 550
5 Al = oSS sl -0l e Jlwsil ey 1) 350
ol ol @l el aisgel (o) prasbe w1 o)l aax
Lo (33l b ol el 5 amoo ol 955 51 (5 65185 Jlomsll
om0l G mn Jlwgls i) [2] olSen 5 (ol dbiso SialS
5 20, 15 5 0.05 oz glojnS (0 |, GuosnST - pal = JoSIS
Sl ] 10005 (6 S0l ugmades 42,5 50 b 25 oo (googasme
St Syl (ol )35 55505 5158, oyl ) 45 38,5
I B3 e S s sl by 4l aals L el |
SS9, )y (aaaleil (o) oy [3] oflSes 5 w3l b e
7> 6o S 5o |y ol 0T =08 = JoSIS Ll sy Jlassil
sy yt g 423 50 525 Lo (godgame g o po 1.2 5 0.0375
=2 oS sl e Jlwgl ol gl @i bl oS
Lo Gl 33l b Jlowgil i) g o)l (590 5518, 0uoy0 016 51 555
ol e Jlosil coy) [4] 651 5 Slble b tals
0 o slo S 3 1y oo iz 20,5 Ayl = eimieeS1 - J5S15
O yg0ds |y ugredes 4530 60 5 30 slales 5 &ly3gL 5l oy 16
S50 i Josil gl @S Goll p w03 spSeluil gy
Cail 3 g0 168 ialidl la)] frizman s (aw (6 b, anlllae
G aopd 1 ez puS o il b 4 o 1) oy e Jlowsil
75 5 L ez Sl Dl o sl ailes lalal, lial s S
laallas 3 [5] (e 5 jlagS wisges bl o p Jlowgils o>
Sla S 13 1 e =55y m0fsy Shd Jlwgil coy) alKales]
log] @l ulel 5 .030,5 (6 Soslail )35l 5l 0oy 05 50 ez
by Sh3gl (gez S Rl L oad oy e Jlwsl c )
coyl aBile;] &gt [6] sol 5 ol 3l aalllas G 40 050 0
2 G aeShaoliraiy suS Ayl ihs, sdums Jbas
1050125 o> o yS 5 wgmuls 42,0 55 55 Slos oogae
Lo Gialidl b o] bt ulul 5 di0ges (6 mSojlail Slydgl 51 sy
3l a3 35 %8 b ) sgie o Sl )
aly Jl il & o Sl ) (503 85 5T il il
gty [T] oen 5 0l 6,500 o3l adllae jo (eizean 1350
“SAEA0 (125, oy Jlwsili oyl 1y oz g oo 1 02
Sy @S Lol 050l (g 2 e wSTo lazaiz (o S dlslsil
Ol D8 F a5 edged alie dgzse sladue (i bl ool

12 o plads 16 055 1395 il ysrde ilSe uudige


https://dorl.net/dor/20.1001.1.10275940.1395.16.12.86.1
https://mme.modares.ac.ir/article-15-12235-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.10275940.1395.16.12.86.1 ]

Oblen 9 BT L ple

e 2390083 ZUG Al 9 e SuwnST-0)1a0 3 (s )T Agleili ~ 9390 ISl E9) 539 Jlwwgil Saeliad a3 BT s S 01351

[17] o oz wiz )5 sbalglgil § uoinS] Sliogas 2 Joua
Table 2 Properties of CuO and MWCNTSs [17]

6 S Ll (Susdge s ole> a0 lalllas (S 1 Jgur
Table 1 Studies on thermophysical properties of hybrid nanofluids

ooz Wiz )5 sladlglgil eS| R <l)dgl al Jb
95% 99% gl pesls (8] o SKew 5 (5,5 orogl| 38T = o ol
ol ol 5, (9] hlen g (obe piagl] 0T = (S gl ol
50 um sk [10] o502 5 s oo ST = e ol
5150m > ks 40Nm ol LS o3l [11] o Sen 5 gigats Pl 3 ST =055 ol
3-5nm sl ks [12] o) San 5 52 ol oSt - |
3000 (W/mK) 765 (WImK)  (K) 5),> ble, oy [13] o SKen g diud Cood PUSTEDRRON 1 YO+ ol
2.1 (g/cm®) 6.32 (glcm®) (p) J&= [14] o) 5o 5 By PUTI IRV S+ o)
233 (m’/g) 20 (m?lg) QDFZESCSJ:; = HET olffon s Ut S il et
&yt Sl gl (g3 Lwodlal -2-2

el B SI3 as 51 5 0.75 .05 0.25 0.1 0.05 ez slapS s Jlwsil

Sl ) s el -3-2
el CAP2000+ iegSing oSiws 5l Jlawgil o3l (6 S 05lusl gl
oS 35 Josl oyl sl ot aslisl 1 ol PaliS gy 5,
0390 (gl g Dl)dsil 5l as,0 14 0.75 0.5 0.25 0.1 0.05 o>
ol 008 (6 S o5l (42,0 10,2 o5 L) Lwgeedds 42,0 55 55 las
Gl b iolesl sl oo 0, JIS GBI slos jo €9, b jXegSig lal jo

12 agSiny 285 .ol ous aloxil 7998 1/5 5 667 L3y & 5 o3gu5ee
o iole] dad ] jiogSumg lawgs (6 puSojlil BB lake dtdon duoyd
Wload JIS5 e (o slag 5 3 aie sled 5 (o> S o 50

-3

s 0% e Bl Jleeslh (gheles, L, ol iy cal o
oS )3 Sy Jlowsil 0adis S ojlal S i) pi3lie s 35800
2Eilej] yiolie any al> o 40 35000 ()5 ilie glales g o>
ol 255 5 amlie sezse (0 5 6,58 sladae Srmiin b o)
Sl i) (a5l oy S bl 5o 358isn syl LaJas
calize slao IS gl oS walize slales 4 T LYW X VUOV.
S8 e0 Bl il oud 00ls arwgi o g 3lwand plol alax 5

Jbwsil (539095, HL8,-1-3

ol ail (b Ojgonr Jlw j0 Gy g5 hp G5 o alal, ST
ably) ge caid bl 5l (B Sl o g AR o0 (Hsw |y Sl
S oo 2enss ((2)

T=uy 2
Jdy Gidls el (Ll GBS T g Ghp S Y ey foakly Gl o
Ste gous Glagiluand 5 il oo l5 ly Jlwsil $isls,
2ol ey el Jlw o (Howint b (g 18, S0 gl
slgin 5 Glp adlhe (nl  0gd RSl ke glay 25
oo plowl islojl ilises somm (sl 5 Lales ;5 7998 1/s s 667
T e Jlsil Sp B2 S8 s disel G plgie a5 Sl
calize glales )o (sw S wﬁ‘j)}%) sy 1 pazm S po oy
9 oy G O s alal) 898 e oaslive 45 jolailen el 0o oav,
D)l (g )18y Jlawsil ol il jo 5 sl I35 oy 25

2 S9zse ldel S ez S dwle diledds eolel l)d4il
@ abl, ool o ol oad plul (1) abal, bwsi g3 pme Jlwsl
Sldgl pyz el JB p s o2 M cio)d oz 35k g0z S
PEalojl (Sig 5SI s5jl5 b ojlazr stz (S Alglsil 5 e

el 00 (6 S o5lasl 1 Mg 8o L GF 600 Joo AND

m m
(7) Cuo + (7) MWCNT
p p

0= %100 (1)
Mo+ Meso + (Maent
P I I

Ol o il ool oolaiul glal> e g0 Gigy 5l Jlewsil angs (ol
al Jlw 5o erolie Gl b cdiload wlgs alllazr o5 S1,3556 3,
099 SOl s yesle lal> e 50 g, 3l eslaiul cle aigd so 0aiSTyy
oS sl ool i a S izman ol lala o Sy B9y & S o
Llaglwsl s lp slal>pe 90 (29, cslalore S5 (29, D5
50 Shdgl aaje (Siska 5 ojlail J16] ol canlie (gounST &l 3550
D) Jlwgil (S y000 5 (5l L8, Gt 50 (olel (28 Ay Sl
Ao b lal e g0 e, 0 &S (e9dee (n ke S res @
s (rl sln el Gl3gL (Soreaa g Gabasls ISt @3, cusls
el 00 il 1 bl (yjep S b sl ans Soote &y Jlssil
059 el sledl T lins o8 15 el g UPA00S oj5em olKzs pb
5 5,2 60550 il g sy o5 230 5Ly L 5 5ks 3.2 alowss ()
e 5o el 7 SBoe 4 Jlwsil ol ol 4 Boas by iSlas
FskS 24 LS B L5 s 400 ol b (i b gol 8 gl

ST

B
Fig. 1 TEM micrographs of (a) CuO nanoparticles, (b) MWCNTSs

oz aiz (S sladlglsili () 5 e denST 213550 (a) 131 (s sl 1SS

et o X .
i
)

2 Brookfield

12 o plads 16 055 1395 il ysrde ilSe uudige

! Hielscher

520


https://dorl.net/dor/20.1001.1.10275940.1395.16.12.86.1
https://mme.modares.ac.ir/article-15-12235-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.10275940.1395.16.12.86.1 ]

Oblen 9 BT L sle

e 2390083 ZUG Al 9 e SuwnST-0)1a0 3 (s )T Agleili ~ 9390 ISl E9) 539 Jlwwgil Saeliad a3 BT s S 01351

Sml <8 plp 5o Jlw oY o it Caglie 5 Sl Gl 5l s
el Wz 2 s ) Syl R AT il azgd b osh e
950 Ofles p (ke Jlojlgen (g wgdioe b Sl OlF 4
& 1 . K - . o S
Gy S Gl 10 75,005 ludige (rozml lpiinn 4 Lo cudls anlyss
55 YL slales )3 (489, B 09l ooliinl WG cr I L 9390 (€9, 5l (il
L ofgy ob 5l colawl amaiys oS Las 1) 095 Cgllae 0,58
Je) a3 e g wled g 255 sz 50 3B L &5 ee
Ny o9, 50 Slydgl vs2s (o8 5 yaikew o)lsis b S,y 05
il Jae S e laksd oyl Sl il o ole lsiea,

2 ORIBl G ReS g (i (GBS (nl (225 slaesls Gulul
0.05 51 S35l oz oSy ol b ol (glos Sy o Jlomgil g
a>,0 15 455 slales o a5 cowl 2oy 12.92 43552 55401 15
285 08y Olped Jlewsll cal sl eslanul gl Cuze So VL slales
lales 5l 205 mly slalos 13 sz puS i 8l b Jlwssls )
&g s il s LS byt led Wil e SlSgl A
O£9) LAY den ;0 Slideil sg2g anles by o] juilipe )3 (5 emlin
Dydige rge |y oEg) o) Gl (o) o cailie 5 Jelow,

Lo b g e Jlowgil e 3y -3-3
o e 4 S5 3 e b sl o) i e saalie sl
o3y olid ilidee oz slopS o Lo b e Sl (Seslus
L oo slo,nS (sden )0 a5 0ed 0 oanlin JSo ol 5lcwl oals
5 oldlae Koo 50 58 culiabige ol Jlewgil cor ) Lo ol ol
[4-2] colonss o155

Los o 3bj b (JoSge G (edly ol 9.5 o 05 J13, cnl e
Sl Sy el (a8 Gyl plr 5 Jles Cwslie alS a0 s

6

(]
o

Viscosity (Poise)
w
——— T T

)
10 20 30 40 50 60

T(0)
Fig. 4 Variation of dynamic viscosity of hybrid nanofluid with
temperature at different volume fractions

il glo oz S [0 oo b gy Jlawgil (Seolins c 3l yoss 4 S

o
o

! Society of Automotive Engineers (SAE)

521

393l (oo puS b g prd Jlowgil ) gt =2-3
oo oS Gl 5yt Jlrgls (Salys ol s 3 U s
oaalice a5 jeblen ol oals ooly lid alize sbales jo &l 34l
sl coy) bles sdon,s Oldsil oz S (ial38l L 0ed oo

b a8l
Slodgad IS 5 500 Guhme 1) Jlwsill i) sl L8, 0l
coy Slule jo cwl pas gyl plp e Jla Cwglis eyl [7-1]
oy nl GBI L s ol lasSlse (e (lls il slag e Jeloar
st oS ol 5 nseaST S35k oS i b el
90895 bSO JoV9e G slog e 5 eled Wgd ABLSL 85 4 0 o
Jedoay ()39l gz uS ud 0l b aizren 09 se a3 Giulidl
oud yiby bl o gladigs (Sl Sl )35l Gy Jsge (slag o5 2ol

30000

25000

20000

15000

10000

Shear stress (Dyn/cm?)

5000

ol LA T T T T
1000 2000 3000 4000 5000 6000

Shear Rate (1/s)

Fig. 2 Nanofluid shear stress versus shear rate at different temparatures
for 9=1%

7S sl e slaled 10 Ghp E can p Jlwgll (b p 15 2 S

o

aoys ]l ez
6,
i e .
5 [ /[/////./ ~ _ wm T =5°C
- - ~ s - T=15C
- ——v-— T=25°C
T 4F > T=35C
2 q T =45°C
e | ~ e T=55C
> ak o —a
2 3Faan — a4 — — —a - 4
2 °r
g [
(&] =
2
B -V
> 2 v — v — v Y
:D > > > > >
r <4 < < <
- < < o )
(00— @ e —— @ -@
oL P IR ERRUIN R ] ‘
0 0.2 0.4 0.6 0.8 1 T2
¢ (%9

Fig. 3 Variation of the nanofluid dynamic viscosity with volume
fraction at different temperatures

S350 a5 100 Sl Soaligs e D 3 S

12 o plads 16 055 1395 il ysrde ilSe uudige


https://dorl.net/dor/20.1001.1.10275940.1395.16.12.86.1
https://mme.modares.ac.ir/article-15-12235-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.10275940.1395.16.12.86.1 ]

Oblen 9 BT L ple

e 2390083 ZUG Al 9 e SuwnST-0)1a0 3 (s )T Agleili ~ 9390 ISl E9) 539 Jlwwgil Saeliad a3 BT s S 01351

aS s az gl gl A3l 39290 sl e i el (5 Te sl
Sl sy sl by 695 Dhdgl Sl jpi> ln b 2gzse sla e
3529 4 bogrye Loyl 5l alaS a5 axies w4l Jlew o slalyal ol 350

s b Jlew 5o Glaslgnl g 59,5 Sl,3606 e e

Jhwsil cal) Swibm olr ol aal, SO &) 53
oo deST =0 laz i (S Aglgil -SW-50 (€9, Gy
09y e Jlwgl coy) allaleil polie o oS gllie
Glodse gla it b pmednS] molazaiz ()5 dslsil -5W-50
&5 Gl il e sl S9zge la e a5 ol las al plawl vgzse
slrosls 3l oolawl b Gudss cpl jo Judo ueddy it canlin Jlowgils
8590 Jlmosil C 3l ey sl 505 5wz abayl, S alSasles]
S ibe §0.997 glus R (clls alaly pl Consl 0 00l anasgs axlllas
5l ol
U =a+bo+cT+de” +eT*+fp® +gT?
O<p<l () , 5C<T<55C (3)
T 5 dsil (oo oS @ ((P) g2 o ) i) abaly ot
aer J LA g ol Jlowgil Byme N ol ogudis a3 30 cows p Led
Lis, gl ke aibas @l 3 Jsaz 5 o5 aiten b olie
e Dygody Jlwsil o) ool jo a5 wdllas sz 0 oo slgiius
wleo 4z o al Jlow coy cul sais asie [4] cul ool al)
3l S ol g cudlad g colatwl g jskiie 4wl 0dl (5,50l
o) o Dppet i) Giales 5 (3) Al e bzl Jlzs!
B UKo 53 0529 cnl b el ot Ol (4l Jlw & cons Jlowgil
olio b g 425055 55 (glos 50 0 (o C i) ltylejl 0l
o Joges ilonds dnslie alBlax Jloges 5o 5o (3) abal, 5l ol cunsay
eSSy ool ooloasugy alaly 5l eolatul a5 wias e plid IS ()
ST mojlar Wiz (208 alglgils SBW-B0 (85, s Jlwsil w3l
ol 93 10 S B 5l e g jlwdds (o alox 5l oanT lalllas ;5 s

Bl yzil Judxi -6-3
aaly 5 oael Cewsts mls L ekl glassly dwglie glited
b 2liolesl polie 5l Woosls Gl il duops oyl cpaasss (gl (golpiiin

sl 00 daalno (4) alasl, 5l ooliiad
Hexp ~ Hpred «
Hexp

dev= 100 (4

polie 4 Cand abayl) 5l saeleisd polie Glyol oy 7SS 4o
ol 0 03l Lt calises slales § oz slo S 0 alKiolesl

Ail 5SH0P yao 3o )38 et 4 Jloged pl jo polde aS ojluil y»
abal) it Szl e (n i Sl fling 0ad) (eSS alal,) 2o
&1y 955 °C sloo 10 a5 el 00,0 0.9 alKiylosl slaools 4y oo
byl 45 05 00 Ao T IS 4 a2 g5 b iowo o0 &5 0.05 oz oS
el G Jlowgll S e (sl (ol 235 il oolering

S5 domii -4
- S Aedeil SBW-B0 g, sy e Jlwsil coyl i ol o
310,01 5075 0.5.0.25 0.1 0.05 o> sl S 10 e S|

12 o plads 16 055 1395 il ysrde ilSe uudige

O & Jlwgil car it 18 el el i b foges bl SV (poze>
b syt Joles asilgs o D139l VL (pome> Slo S )3 oS ol o
e SRl gl (o glas-olS ISl aze o 5 il K,

)l ools 7,5 ME aS LYody 5 (ol )3l ol slasolST L
) 5o Rl teS 5 e tie (225 laesls (bl 09 d e oL
42,5 95 65 Lo pad obj b ol ez S 50 Jlwsil
150.05 o> sloyus o a5 sl 5l 6.5 385 o5 ja Lugmal
S ) et aeS 5 aicin 5l BT s o &y SLdgl Sl as,s
Bl sl ygise ol jsbar 5 caio o o] il (slao )l (sl 9,
Sl Ceeal Al

990 Jho i (St b (023 (sLoodls dunlio-4-3
oo vz smotn s Jhesl gl oad g pSojll polie S Sl o
4255 25 Glos 3 (0fs) b Jlw & Cond) (oo Oy 39250
Joe ol bl gl Joto wd ot ool dglie 5 &il)| Lugeands
M adlowyil 4 bgje Slallas 125155 o [18] (e j5pine 5 ()95
5 2R Jae g sy 58 S sladldsil 252y esase [20] )
4l Jlw b g e Jlassil 6l 225 sloosls 2 ite 7] o Sem
00l (cwyp laoe (4ep 095 o0 abixde oS jsblen isd e (0S9)
Of9) G Jlwgil ool (g ySojlul car ) Sl pness crjl e
50 ledged (g S eSS0 lazais (oS dlelgl ~-5W-50
Gl bl a8 Joe @ boye (gt (5S35 opas o)
4 Cod Joo (nl (i @ bgrye OB (5568 g (n i S92
GloS @ baye cuiia 5 dwop 43 5 183 allaylsl slacsls

A anlis adlllae 390 (g e Jlwsil i) i
b ey (e slagsles 4 e o5 ()5 sladldgl iy aw
=5 sbddsl o Jise Jelu g9 5 09t L sSse S0

15

Brinkman Model [18]
— — — — Bobboetal. Model [19]
N Vakilinezhaad and Dorany Model [20]
—m—s Afrand Model [7]
® Experimental data (T=25°C)

Relative viscosity
= =
N w

=
N

0.9\\1\\1\\1\\1\\

o
o
N}
o
>
o
o
o
e}
N
[N
N}

Fig. 5 The measured relative viscosity and predictions of some existing
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