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Injection of twin oblique nanofluid jets into a water cross-flow: An Eulerian-
Eulerian two-phase analysis
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ARTICLE INFORMATION ABSTRACT
Original Research Paper This paper deals with the injection of twin oblique nanofluid jets into a channel with water cross-flow.
Received 04 September 2017 In this regard, the effects of different geometric and physical parameters including the velocity,
Accepted 28 October 2017 distance, and angles of the jets as well as the nanoparticles volume fraction therein are studied. The
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vaifable Dniine B December Eulerian-Eulerian two-phase model is employed to analyze the present problem. By solving separate

equation sets for water and the nanoparticles, this approach provides the possibility of behavior

Eimﬁﬁé'mjecﬁon prediction for each of the phases inside the flow field, separately. The accuracy of the current

Eulerian-Eulerian approach simulations is confirmed by comparing the obtained results with available experimental data. The

Twin jets results show that replacement of a single jet with twin jets increases the heat exchange from the target

gf’;'s‘g“fel ;jvt surface and makes its distribution more uniform along the surface. In addition, it is found that rise in the
velocity and distance of the jets leads to heat transfer improvement. However, the effect of the
nanoparticles volume fraction in the injected nanofluid on the heat transfer rate of the target surface is
strongly dependent to the nanoparticles penetration into the water cross-flow. Closer scrutiny of the
results reveals that the injection angles of the twin jets play an important role in the nanoparticles
penetration as well as their distribution pattern inside the flow field and thereby, by adjusting these
angles, the heat exchange from the target surface can be improved.
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and experimental results of Teamah et al. [47]

9 al.nL:.’i Gbli...;b»)] 9803 C"L:" Ly (5)"5“(5)'!5' JJ.n @L.J o lio 2 JS..'»
[47] ) S

Gy ey 4 o) 29886 o 25206 9176 L (gl 3 ool
sy s 55 & caslio D=4H 3 D=2H D=0 slacdl>

ik gl -3
g g st G e iluand | Jols mls S5 cnl o
00,5 (1 US8) ol ablite ol i b JUS o ALOSIGT Jlwssil
e idu 2 de 50 @l (nl S oo )13 Jelod g 4o 3590 5 00
o g Sl g3 oy ihols 1 Aalllae Julis oS wigd e 1)
slace 3,5 Ll Sl Ll 5 dagl o S3gh ez S 5 Jlowsil

ibes Jlwsil

G 90 oy dbold Hi1-1-3
5 0k Slasia p Jlwslh loce o dlold 3t o) n sl &
ool Sl Bl Cpizman 5 Led 5ty pied JUS o ol JUi
ol sdise @) Gl dusin du gly Ban gl )3 uSile 5 e
Ol wiiglate K0S L (D) e g0 oo Aol jo L a5 dwsis 4w
Ol 5o Slsbre IS 0555l o0 wal 2 55 ]y alge 5 Al Glace dnglie
§3% oz S b AlO3/CT Jlwsil so50e 32,5 slie 2 (250 )
ol 00 plosil ViVer=10 s ps o

i 5 Jloslh slos i "4 JSE" 5 e iy "3 S
53550 Bt s gty ol S5 5o Loyl s i oo ol 1y by

12 o )laiis 17 095 1396 sl (w30 SilSo uwdise

L slael ppolis wlle gl oud 1Kan 3 Ablbs bl
iy lge Cemsay 5 bals) Sl 5 4 eSilo 5 (r09e
_ h(2H)

y K (25)

Nu,ype = ha%izm (26)
ol oo

Rave = %f_i hy dx @

GO J.‘> W)Lmd -5-2
i) 5o ol JB goae b aBiole;] dalllas (55T a5 ol 4 L
IS5 59 00 pogs Lalyd b JUS 3o Jlomgls opg0 B5g0 cor 31,5
S0 %08 slagl,x o pols ooe o jlael el sais plxil 1
o byl BlEss ca 3ys5p lanl disly ol 0 0,5 e 5 adlias
B SlshS 2.5 Sl are S e 0 &5 G 4 culns
5 sl 3 5se (sltend (s lshisly) Jan 5l eslin | i S
Aol e ke 40 52 i ob 5l o] 55150 Alols 5 e dilas
slce slod (izmen Wb o o Juo 240 JUJVRE-RV chw b bee
ool ons azb S L o b 0.2452 Loyl [lis 5 opslS 303 Jlwsils
2lasles] bt b sl cawody mls duglie b giluad (pl Coo
Oy 45 Cewld a0 Sl 4 3 Jgax o [46] ) Kea 5 SLL
ol 2% 3505 50 1 Sibo Ol JEL oo pesS o Uas
Skl 3895 3,80, 6IIG i IS ame sl 4
S 4 AlOSIOT Jlwgh e 0,95 «wVlwgil b, oy slp
6wl g o due 396 Job 4y 3 K5j oVgd izl SS dio
Sl d0e canzp @l g a3 JF oS 5 425 0j9e el
[47] o Sen 5 bl alEasles] 5 soue b b "2 JSs" s oSl
ol Alols 5 yie Lo 5.5 cox &las s callie ol 10 05 oo dnlie
2r ol s, s0e (izmen allbioe yoidee 16.5 3,55 dxio
los sl 0ads a8 L o palS 294 Jluwsil o sles 5 3000
MLJGA ui}lfg?g ).g‘)A_ as 03 oy d.JgJo )M:La)w 9O S 0,95 p Ao
5 ey 5,05 30 g lah gl Joe mls a5 ams e olis "2 s
s Jss3 LB lstean oS 5 obold gl b 35l oz S

A 51 Il (g 52 -6-2
oS onds ooliiul CHgiSy e 5 olojle b 6laSed 5l pols gluand 4
505 Qs gocar 5 oF go5)5 JUB gshw 4 Suop (Al 5o
a4 soue mls (Siwly poe 3l plaebl Baa bojls (g ymin
5 allie dusis 5l Gl oS aw sl Slesbre wolitul 5,90
o 5 3% o oS b ALOYLT Sl (5330 G155 Ll
2 pSilee adol sae o ] S 5 oad plol VilVer=10 e
oST5 Gt et Sy du o 4o 45 Ceuliy ol 0nd @) 4 Jgar
dolol cas s 0.3% 51 2aS @ Kl il vae Ol s a5 Sloy b el
whoolre & 5 S8 ooged ap sl ol b

128


https://dorl.net/dor/20.1001.1.10275940.1396.17.12.64.6
https://mme.modares.ac.ir/article-15-11769-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-20 ]

[ DOR: 20.1001.1.10275940.1396.17.12.64.6 ]

ORSen ) Ylosl 9 (5 b 3 a3l

GHI- M9l 5IB9S Jakxs 1T aboliiie Ul p> &3 Juwgil age A9 Sl G203

primary phase (water)

L L I L | Il -
-0.1 -0.05 0 0.05 0.1

ol allis 51 callisee 05 s (1 45 5| Pl g 4 S92
Table 4 Grid independence study for three different configurations of

the present problem

5l il sae Al 4o 0,8 olass i (g,
16.209 5664
15.483 11825 3
15.171 19176 O=0 ais
15.127 20094
17.219 7105
16.603 14744 e )
16.232 25296 O=2H) 455 slocr
16.186 34818
18.384 8590
17.640 16189
17.179 22307 (D=4H) a5y slocer
16.984 20886
16.937 38170

secondary phase (Al,O; nanoparticles)
a) Single jet (D=0)

(A|203 ub.)yb) d.iyb )ls
(D=0) &l o (!

S—— o003

/——~—0.003
TR S T T N I

-0.1 -0.05 0 0.05 0.1

primary phase (water) (<) adgl 56

) RN I .
-0.1 -0.05 0 0.08 0.1

(A|203 Qbé}&lj) 4;94[.- )ls
(D=2H) ailfys slocer (&

o
0.003—— %A
@
0.03

003

secondary phase (Al,O; nanoparticles)
b) Twin jets (D=2H)

n —_—T1
-0.1 -0.05 0 0.05 0.1

primary phase (water)

X o8 0]
L L1 N T
-0.1 20.05 0.05 0.1

secondary phase (Al,O3 nanoparticles) (Al,05 &il,356) a4ls 56
) Twin jets (D=4H) (D=4H) &8ss sl (o
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in terms of the nanoparticles fraction in three different configurations
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