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Fig. 1. TEM image of alumina nanopowder
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Fig. 3. a) An upper view of the test section, b) A schematic of the upper
view of the test section
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Fig. 4. Nusselt number of the water and nano-fluid as functions of Dean
number for curved tubes, with curvatures of: a) 0.116, b) 0.074 and
c) 0.042
&l om0 338 o 0 Jluwgil g O i due 1€ IS5
Lol Comd U duwod alg) (0 co /Y11 Lol Cond b dugod alg) (A1
v+ £ Uod] Comd b oswed dg) (g o /+VE

Yoy

gyl bawgio coyu Uy Jlow 055y 9 atpuild 1 9 p
VY] 295 o odlatwl (V) dlasly 5l opd dde dpule (gly .l

.
De = Re(—)*
(R)

()

sdas dlg) £lizol G (VR) 5 Lol glas R g} glais r=D/2 &S

=W-o
o dgl (90 Jlow )l plrals ol sl ofgn cnl 5
» @il ©ypon (B SS Shts So g5 | 00,8
5 ol b iolosl cplyy .l odds oy YFAYA B AVAA (5 03900
Salefl 9 > Jole Jlow ol & 1) (a2 53 gl oo
A Oy (278 dawlde 059 cpl podl I Lol CGua .l onds solatuwl
9 (0w g (2B aw Colue (g ) LSy lpd b oded oy
5 Pl b bod (550 by )3 g ialejl bl po glise (clidl Capnsd
layiolojl o3 5o )3 zulis €85 530 YU (el ol o 3155 o ol
o3> inles ol (6,50l liaabl 05l jd g ploul ad e aw JBls
ool L b Sy il cpl o W ialesl oyl g BB (sllas .aslonis
3y50 (3503l Blws lpsi ojl 5 By S lis Y Jods .l 00
o pd mos S Lo cluwls pldil 5 Y Jado 1 eolatwl b bl o odlazl
5 Jl bugi 0ad Qo @)l ¢ lid cdl ded ol Teabad pas
OIS Aoyd ¥IV g O/0Fc +[+50c +[+ o\ /b iy 4 cdwl dae

[¥V 9 ¥A] 595 o0

S3503151 Jalwg <l pudi 030 9 CB3 1) Jooa

Table 1. Measuring instruments range and accuracy

CE Ol g 831 &503181 Jslwg
£/ Yoo =Yoo . ‘
M5 ol a2 > oS ol 4 S g
£/ WYY 5 AVV/E
aad> p il e iy il be
$o;lul olKwd
)lfL;[t":t'/"\ )lJL;Lﬁ;Y' G- LS)-.‘.Sb) o

b

dde Bl e cdwl dae wyls Jlisls pre oyl )b 5l (S

Lool Cod b odnod gl 10 a8 cuwl (o dae jl b b cdwl
4 yebylen .l oad o3l L ¥ ISKE 3 o/oFY g /o VF o /VVF
Oial38l cpl g b o Linl8l o sae isl58l L el sae 39 o oamliie
Ol 0ol L5 (sl wcunl jdin a8 Lol Co L ool dlg) >
eye Olye 4 I Lol cond b g 0 S & g L Gl

1 Uncertainty



YOA B YFY dotio AYAY Jlo o oylad B+ 093 «pusS pual CSlSlo ies &yt

Sl o/ EY bl G b g gl g el +/FV Shis /- VE
ol IS bl i b g el s Jl Ltalial il V0
b S plgiie oned Ayl 93 o sl (V/R) 153550 Gl (g b
3y90 w9 4Bl Gl Sl SL3 153850 QL diodl s a8
P9 oo )l JUT al 38l corge

S5 Jlg e Egeome 53 0ad 03> Ginles (sl lagel 4 4255 L
&5 i 4 Jlwogll (05 Bl (rizmen g (3 230 Gl 3l & 3900
o eled yityy il o a8 ms e il 1y &l Jlis!
Oosmiliges ol g 19y Jlow )l Jla] G581 G g5 5 Sl
w5 L al Jho )l calin oo g anjsSny Sl gl
csipl Jaml anlp ol ol 4 e il S ik ) am
SVl OIS jogada gl Oy STy 5 3985 (imen 900
0395 & 0 > 5l Oyl JUl @y SRl 4 yxie 0)lgnd LS 55 (5318
Db oo b Jlow & Cond Jlowgils )l JUil ol a9 Jlo
Seiger el gl (Golp S 2 32y ermen (Jalge i
2 &)l JUl Gl B8l e Jelse plyisa |y Gldgl jlisl pjolse
gy dae Gl ()b 5L [YA] S o (B yme Jluwsil (igpmilpmsges
slos )b &yl JUl ly 6508 cuop Jhw & Sl L
Ao jga) Sy o Gl Jlo >l Wb il A (295
el Sl 63l ol Jsl glie Gl e Jluogil 5l edlizl
sbod jl Jols s 900 (295 slod il 4o )3 g (Jlow 003
O 3l 00,08 Al oS (o (gl il (3 dlasl > Sl (29,5
ssboled Cul ol ool Lioled YV USE 3 0l Jelite (slisul s
5 cpddde Lol b Jlw slod Lials 1 Sl zols b oold sy &S
il o Ay ezl s

70
§ o[117 Ll it — gi
b - -
60 ! JoVF Uil i - ]
4 e~ .
\ & 7Y Gl canni -

)| 0 Gl a1} T g

N TETLLYE Lol o = T/ Csngl] gl

20 NN LB ol o - 101} gl bl

w
=]

=9 slod (81,8600 am,0)
3
.
—
7
L]

]
-

(]
(=]

0 100 200 300 400 500 600 700 800

Fig. 7. A comparison of the temperature of the fluid at exit versus Dean
number, between curved tubes with different curvatures
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