Silo (gwitigo o 6 TS (o

-
{%O% O 231 & gawl 30 g i 909

(1F++ gt SilSo) .
i G i wgel S uﬁf: g'\/‘s

VFoo youpt YS-YF

OT00 Jlawgib ST vz gefd 59y b cCulls” S a5 3 Lhalo 7 (83 dusd

Tassloen e i ¢ " Loyl ol s dases e O g o158 Olad L OLILEL 3 ganes

(Baghbanianmahmoud@gmail.com) il ol e gt o&sls o eige 03,5 Ll (it IS (g pmmtils )
(s.ghavami@scu.ac.ir) iyl o jar dgd ol PPy 03,5 ,L skl Y
(m.safieddin@scu.ac.ir) jisal o jar Lgs o8&l o 3t (gl 03,5 L skl ¥
(m.sajadiye@scu.ac.ir) jlsal Ol oz dgd Ll (R 52t g a}ﬁ)\i skl ¥

5 e (S la gt (55 ool 03 b (Sl D3 b OLL 5 (5351 S eslial 033 Sy I 4 e L
5|.upg,@ﬁ&uﬁduw‘5\jwuJ_J-i_t?.u\,:@,s;,,u;duwdju%,;)upjsujmuw‘L;;),us
i S 3l Gl 2l 53 LS i) 3 ) 6,8 e g @ s b S Gl e 4 SIS e S Sale L b
,;4&4?&J;§ﬁ9.‘5wm cc_,wéd(l?).s)}b;ﬂ&llq.c_ﬁwl ol o3ltnl d\é‘lf‘_;\jdl.:.»}ilj:ﬂ)lf; qf)'ldl:.:l.»;
P Sl S s B S 5 0T el S e sanntin S5l ) o sile 4 5 (b Sl 1B
3381 s &K eyl o 5 8 sl 158 0l 5 by cles sla o3l (6 S oSN oo Loyl 5 4 4 5 L JLe S5, 6L
ogﬁﬁ,wu;wj,;;\,.du,ubggu,uﬁ;g;J,,aqi:su@oéuw,aﬁr):;t;;.gws\@;u:»,ﬁdpju@;
S e Sl st (1l oyl S5 Tl 516 a0 S Lo T Sl 56 o7 503 OLiS s 28 87 )13 gy 2 3550 S 51 2Le S
PR PG WM ENT P WP PG B QO RN S W = [N

(SO Slols”

CFD (s il ¢yt lo S cailsel o sl 40t

Ol g (ol 8 Ol ™

s.ghavami@scu.ac.ir

423



S untigo oo 0 55 (oo Al
.;{39‘; AA
ij? |

-
{%% RPN b CEg P \
- ‘foo W" SWlSo .L
d‘:’w{‘/':"'ﬂcihﬂfﬂw,’.hff-'d":' ( ) ” ) ) Uﬁf:g'\/"

VFoo youpt YS-YF

OT30 Jlwgil J1 qwygp gcfd 595 b eCulls ALl a5 31 galo & (S 5kw dunis
400

54 iy sla, 48 OIS b > 9 Olpab @bi'u,}; 3l Gl 4 5 OT O35 b s ke ool St 4 i

S 4 Oyl Sl ol L SKatir 0T 55 655U 56 3 0,8 1 &8 glaaia) 5l Sov Sl 035 o 555 40 1y anw g > s
s, gl 4 i Syl Jlal s eslizal 55 g0 UL 5l (gl C}J«:QUL_M}JU o T 55 a5 59, g0 sl Sl a3l ge 5L
5 S L1 O e 31 glaze gladlos o [4] sl o 0T slo S Jisl Lol 53 Jlw il 30 op the o3 5d fodd owidige
dly 3 g Dol & 5 el (e Slaptean 53 (2l 4 T Sl ealizal 1 L)l 63 5o Culia i pS O S e By
3 a8 Ugene) (6505 sl D15 51 JSCize adlan 5 oS o dml e [SCin L 1y Syl Jist el o1yl Ol g ol
Gol L el ly3 ol DUl 5ol Culda 21580 51 Soldalin sl Lleds oS 4l Jlaw 53 457 dts (el Fre
6los 28 slal UL b (gain 55 Sl 0jg 0l [1]as 5,18 0K 5 15 gmle Low 5 144Y Jlu 53 (0g Son I S S
bl 56 s 5 Sl 8 0l JUst 31 Sl Gl Zalds 31 sl 3 s 5uS 1l 0357 Iy
S e 5 (Sl (SAle gy 1 4y e S| S5 (S 4T o 5 s ol (lao Il w5 b Ladd ) 55 50 ¢
Lol Jlw (S350 polo 03 Sl slole 313 o0 T Omlen b 0s a5 IS ot 5 &l JUst unT 3 (b s D3t
I g3 S5 s 45 ol Il 53l 5 ol 42ils U shane b gn (il (oo 0 1y s (Sl 31 B o153 56 03330
[5,6] sl n TSl Dlgn gokins 1Al UL 5L 5 (6 ks SULSU 1 el cad iy (s r DUl sl Sl 5 4y
ISIE 1o dshtie sladlow 4 ol o 56 Gl Sulba 0350 UL s 4 o7 s oo Ol ok plonil (sla 2055,
eSaS w01y oo 1) bdlwsb b plowle Syl Jsloyls s ol s,y 55 bdl ol 5 eslizal OSGI (85 3

5 ol dal s Jlw 5B 5 Sl gk &S ol O.i\ju.éf%‘_;)'lédijJm):.b;éju.\.n‘_;jlé);j‘_;jlédij‘_;l.aui})

! Polymer-nanofluids
2 Drag-Reduction-Nanofluids

424



= S0 (wikigo (o © ST (0B S - ’
{%% G121 (gt 3ilS%0 g o 9 i 4 AA@
- \
— 1Foo o g Send (0 .
;y!a_-fw;:l):"’:;jhs(j{fﬁg"‘hf&lg":i ( - ” " ) Uf%’/:ga/‘ﬁ

VFoo youpt YS-YF

3 ol 3 ol gl il 2087 0T 53 Slawlbs Ol 5 Fosle (656 55 Gildibe 4 Cond (5Ll pl o dlizs é:ﬂt.lb})-’u:ﬁ
@5 5 Jsers Jlw 65 d5len Jlw b g3ldie cpl 3l 8 15 eslizul 3550 oloule Sl > Jisl (g 55 Slidss
s Gl el s 53 D3 U s s e 3558 4 T 3500 03 6515 pstese o lh SUslae 5 o
,\f_ugﬁi4§¢M|(\)'U‘)}L;awsiﬂ.[zﬁ],u}_:@ut)fjia;);&ﬁ.;dudxfgl,ugwﬂdud,\aaﬁsqsupw
(ool e S 56 gl 585 0313 DL 51 165 & Ll bl by gl Jaome &0 o w3 Sk 1 e
LS 4 gy nl 02 padse Coaeal a5 LI a1 1) Sl 56 Sl JE) 5 Sl Sl s el (slas 5 55 S
O8en 5 5 g 3,8 a 513 sz 3550 5 S5l at O 1531 g3 51 aslial L eSCallS” Sl S 51 il S wssde g,
Calzies (gbao Il L AGIALALCU S1y3 56 5 J SIS st 5 OT ab Jlw b Jlw 56 551 alds g5y 1y Sl o310 5[ 7]
u‘;ﬁlp\c)bs,;ug\xlumlfg&,|J>g,il.u‘xf.m;a.umujdp,;u@;,t@i—fL;|ﬂ..u:;6wjﬂ|,,u};U\Y~ GYe o
S350k 5= S il 5 =0T Jlan 56 65,5 1) FWllas ¢ 5ol Lolia (655 3 56 T osk s [BolSen 5 oSy il o0
odalicn LOT .3 S oslizal olo 8 Culdn (5,8 o310 (g GUI (slos 53 15 o g5 51 0T bisls plonil 20 5L YAY B A s
O3 L UL U ol O 3T el oo Gl 53 D13 o3Il 2l L gl Calds S « )3 56 ol ez Aoy L ST s S
e p 53 isd & 0510y AL Oy 0T Jlw 5 50l Sl 5 [9] 0L 5 Lutton ool 0l Oy 05100 1 2S5 87
2535k g 93 sl Gl ulda AT L3S edalie OT .ol o oslizal e gBFY 5 Y5 Sogline s g b 1,5
Colds 53 1y (6 b il S S St b AL O, 0T dlw sl 506 glabes 3 &7 Sl s el op SSs 5 Bb1 les
ol Y daw e a3 b (558 (y3 50 51 g5 53 L1 Sie-0T Sk st gle 8 ulitn [10]0LKr 5 65 o on 0L 5,1~
Sl Eelal Jlaw 53 (65,5 SIy3 5L 1 geme Ao 55 Y oS izl po 5 sls 15 g 2 3y s0l) peglife s Lo e JB L sld g 5
Culda (Gheo s Y& il Col ol ) Iy gl camm oy F L Jlw b &S Jb 5 553 o0 Sl Culda (6dm 53 VO
S eslaal 3G 6;&%4&&%@\}!&@)3 Spd r odalin iy Olllae js S5 L &S () skilen 35 0 gyl ~
5 Cooh 0 |l s le S e 6 el 5 ol oS 53 e J gn2b (61 p sl ST 5 Un JT Jlo s ol 8751 ole

A dal g 4l g gb g ) 4 GRS n) s

425



Silo (gwitigo o 6 TS (o

-
{%O% O 231 & gawl 30 g i 909

(1F++ gt SilSo) .
i G i wgel S uﬁf: g'\/‘s

VFoo youpt YS-YF

» uf;j) 9 éls.»
Sl 56 58S a0 30 1 skaie 45 Sy Slloes Sl Sl Slin S o0 8 (g 5loanns 5 Judows

S sl 36 Olslae & Sl 35l 4 b l5hle 5 53 s Wy el o | S 1 JESH 5 UL )
Jiss rii);i" GLE Oln b5l skte & L s g Jom 3ubme (Sl oy g 41 OL 3 (S2aET Joe 0 gl g3 5 Ole 51 Jites
gﬁﬂ.}}j&@4:.‘9;}]&})}g}‘)&uﬂ&)ﬂ‘dw‘_;)))}‘s‘ﬁu‘)}.Q‘GM&T)M‘SIMPLEYJW—CJJM&‘SGM
g BB o5 ity 51 (S i bl abaie Job 1o A lis 23l b QJJ‘J%L‘;CM‘JJCJLL;?S&W‘

e

= — Q)
Sl sl 3 ke b se
=— Q9]

oty Slallan b ilas &8 LT 1ol Solid Works i3l 5 53 eSCallS” [ on pp alelS slasl 5 (b 1 a3 ¢V IS
A Sled Uil e il 6 Calits (Gla gt 3 Sas o b 2 S 56 0L 2 ol ) glos s e 11 UL > 87
Lli Jga sl oSl 0k Ozl b Sl Coa Ol i 4 (A3L oo QU b s e 1L O)lhe @il )3 ) Il
S5l 53 amkin o) JSCo L illan 1351 a5 SIS 53 Ol 35w (1) ot 40 5L (S8 el o b oS e file s 1 b
[_}L_{ﬁ‘d\éﬁéb})})}.(“}YJ&J‘)Cﬂw‘a“dju@&}ﬁw‘)‘}‘rjjbcéjuwd‘})@jﬁjsolidworks
SUsb S5 o3Il 4 wbulS Jgb 3 g o JUS 5,05 (51, Ksle (53 F4) o olS ()3 ¥IW ol slos 5 ol oK e b
s ot Sl s e 358 0 43 S 5 53 a0 OT 3 (6 Dl 5 Sl 4Bl i JolS7 b 4y s 5 Loyl 5 o

WSl 48 8515 e ey Ol A Gy GG

3 Semi Implicit Method for Pressure Linked Equations

426



p SlSio (uikign (o 0 T (ol o
{g% O 231 & gawl 30 g i 909

1Fo0 e g Sl .
R -t AP ( s ) m;a %a/,,

VFeo ot YP-YF

)

Solid WOrks 1 381p 5 38 eulls™ JK5 o0 B ST Sl () ¢ > () -1 JSb

427



Slo (owitigo (o 0 RS oS juwi

\‘i
( O O gl 3050 g ponnans g9
N2 1P o i gt S0
G g ( e S ) pﬂﬁfﬂgyla

VFoo youpt YS-YF

ANSYS

R15.0

CSgld gl S Bl 5 58 KL 0 SABLET (Goud Gy Jowe - JCh

1] 5.000 10.000 (m)
]

2500 7.500

428



Sl (uiigo (o 0 TS (oS o

\0’
( O (gl 3900 g i g9

1F o0 pin gn Suilso ,
T R ( o S ) L,ﬂ_‘,/',;l;,yla

VFeo y99 0 YF-VF

0 2 4 & 8 10 12 14 16 18 20

Iterations

Cgld il S B1P $ 38 JKD o AT U 3 el 7 Ol > CFD alows ¥ IS

W
SUslas ol by 3 98 g0 esliw! Jlw 56 OL 2 o ) nglé&(&'d»jl,él:-“;»}jiﬁfc,.»l@.é}?Agrlex.;.lJJ

S35 e g 1 sban ol L 5 e (S5 ol 67 L 0 51 sl i U 0 5s (ST
Dol 8 55 555308 o p Calibes ez (sladto s 55 Ll sde Sl i (0 5 F IS 3.5 5 el (6365 0L o &) g0
P amm Slads ys alST 53 S g5 e IS 35 gr odalie S ot b ool 0k e 5 IS 0 g2 (5158 S )
)a@,Ja,’\.;x,u\y'-L;J;:ﬁcﬁl.»ha.n;l}\:p:st_sw\éadl:m}wch@;pojUw.a)laﬁjabwU>»
)'433;1)):&1)36‘.:.»-.\.,a):uiiljé\l.lcj:n‘,;'l}bQ|)5}SUJI=§3:|J§:SLWLQQ-):\°~ 63939 Lo 055l 53 Ll U 95 ,a
Sl ol OT a4 (gdo )3 ) azem deo)s I3 L Ve Sl ) sde s Jle Olgie 4 . Cdls dal sl 58l 50 Sl sde ool

el s VYO gt eSTi6s Jlow g sl sy VYl sike i T Lo it

429



Sl (cwiigo (o 0 KT (oD S

,
{g% O O ga! 3050 g poamnns 99

= (1F e pmaw g SlS) .
R -t AP e = i :
VEeo yo1 pals YE-VF T

2.4 — @ = 3%

—— @ = 2%

22 - =A%

3
iz
‘/

1

s0 100 150 200 250 300
Re

£+ (55959 Sd 13 Dgliio o> SBNG 3D 1 N gy 3 > 5 Uno gl Jlawgili Trwgio bl due Ol il 510905 —¢ <o
03l 0 DD ylad g o1 ;Kuile (S4 50

2 —— @ = 3%
22
- P =1%
e
s /
Nu !___',__,.-a"ﬁ"

| e
/——’/

12

50 100 150 200 250 300

Re

20 Ol Wglite x> (SBAO 1 3O I g 3 e w3 PlLT LS 168 Jlw il dawgio Cdwl due Ol pudi sldges -0 (PO
gl 0 DlHd b g of Kbl (S>30 £+ (53959 b

}>|J§:.:§L«L54?)>f~ 3959 sbes 53 Clabsde y Calibes oz oo s 55 OlH540 JLs 56 chvj?d&i\)a
Al el sde (D30 8 5L das e OLE gl el o o 5 IS5 02 IS ST S 2o S sl ) e S5
S g A el g 555 S5 S U 51 IS ] S L3 al g S 55 4S5 5 e T S 516 53

sl o cpl )5 Sl sde JralS fole ccdls dal s g 53 1 al Jlw 5 O3 L 95 o bl o JhalS a8 Ol )3 b ks

430



{

dﬁgg{fﬁ;gi;%igﬁg—p‘fé

Slo (wietigo (o 0 55 (o
O O gl 3050 g ponnans g9
(1F o mimmmw gnt Suilso)

VPoo yo1 pts YS-VF

B

Al e il b

\ —— @ = 3%
—— P = 2%

- @ =1%

10 15 20 25 30
dp

Sbe 5 cdwlb Dglie x> SN0 yS 0 l.;.,»,ﬁ O350 Sl e g Jlwgil Lawgio Sl dus Ol gk H13g05 -1 o

Voo sNgh sy 9 Ol RKuile (S0 £+ (83919

— @ = 3%

- @ = 1%

1.05

10 15 20 25 30

dp

28 Cdwlb Oglite ox SBWG HS 13 Pasld LS80 O3l dlal Cuws p Jlwgil Jawgin Cdwl due Ol i 18905 Y S

Voo Jgisy 9 o Kuile (Sd30 £+ (63959 Shoo

S domdi

b 5lis by (S s calE S 1l 8 5 0L gileand (6l 3 5o sladile s LB 4 5 L

Jlw 5 aS™ sl Ol @Lﬁ}v\i’&jbw S3de Syps Jad JB B Ll M\)Ué\r;);qh»uﬂ sbolds

431



S unkigo oho 8,55 (oo o : A

- a

(1 et SwilSc) A
R - B A g S uﬁ;a g'\/‘ﬂ

VFoo youpt YS-YF

W};,{leﬁ@fsauﬁqutﬁufﬁ‘_;%wu ’*‘«5‘)‘-’(‘):5t:5 AuSTl6s Jlw 5l a4 S Ls T

lslgidy

5 o Sl (S 5 (b S gawdis gluang 51y MATLAB L APDL 0L 4 s sl <K (g4l

.v\i.«\?dm.«ul{@ﬁLg«ilﬁnlf;}.{j‘ﬁbfjbbyﬁwjf‘fbdwj)}bQ@&thTC«J}W&\Aw)J{

&b

. H., Masuda, A., Ebada, K., Teramae, N., Hishinuma, Alternation of thermal conductivity and
viscosity of liquid by dispersion Ultra-Fine particles Netsu Bussei, 7- 4, (1993) 227-233.

.R., Jou, S., Tzeng, Numerical research of nature convective heat transfer enhancement filled
with nanofluids in rectangular in enclosurelnternational Communication in Heat and Mass
Transfer, 33 (2006) 727-736.

. H. A, Pakravan, M., Yaghoubi, Analysis of nanoparticles migration on natural convection
heat transfer of nanofluids International journal of Thermal Science, 68 (2013) 79-93.

.D. Kim, Y. Kwon, Y. Cho, C. Li, S. Cheong, Y. Hwang, J. Lee, D. Hong, S. Moon,
Convective heat transfer characteristics of nanofluids under laminar and turbulent flow
conditions, Current Applied Physics, Vol. 9, No. 2, pp. e119-e123, 2009.

. Syam Sundar L, Hashim Farooky M, Naga Sarada S, Singh M.K., Experimental
thermal conductivity of ethylene glycol and water mixture based low volume
concentration of Al203 and CuO nanofluids, Int. Commun. Heat Mass Transfer, vol. 41,
2013, pp. 41-46.

. N. Kannadasan, K. Ramanathan, S. Suresh, Comparison of heat transfer and pressure drop in
horizontal and vertical helically coiled heat exchanger with CuO/water based nano fluids,
Experimental Thermal and Fluid Science, Vol. 42, pp. 64-70, 2012.

. Chopkar, M., Sudarshan, S., Das, P., and Manna, 1., 2008, “Effect of Particle Size on Thermal
Conductivity of Nanofluid,” Metall. Mater. Trans. A, 39(7), pp. 1535-1542.

. Beck, M., Yuan, Y., Warrier, P., and Teja, A., 2009, “The Effect of Particle Size on the
Thermal Conductivity of Alumina Nanofluids,” J. Nanopart. Res., 11(5), pp. 1129-1136.

. Mintsa, H. A., Roy, G., Nguyen, C. T., and Doucet, D., 2009, “New Temperature Dependen
Thermal Conductivity Data for Water-Base Nanofluids,” Int. J. Therm. Sci., 48(2), pp. 363-
371.

10. Xie, H., Wang, J., Xi, T., and Liu, Y., 2002, “Thermal Conductivity of Suspensions
Containing Nanosized SiC Particles,” Int. J] Thermophys. , 23(2), pp. 571-580.

432



\

\
\

S untigo oo 0 55 (oo Al
.;{39‘; AA
ij? |

-
{%% O 231 & gawl 30 g i 909

1Fo0 e g Sl .
R N W W Td ( rige S ) uﬁflt{/u
YFeoe yg9 pblo YP-YF 2

Simulation of heating from a classic greenhouse floor by cfd method and

investigation of the effect of nanofluid on it
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Abstract

Due to the increasing use of energy and the flexibility of fossil fuels in the energy supply of domestic, industrial and

agricultural systems, the use of Nano-fluids and optimization of heating systems can be a good alternative to high-
consumption heating systems. On the other hand, considering the urgent need of the greenhouse for heating systems and
also to prevent the destruction of plant roots, in this research, underfloor heating configuration and application of Nano-
fluid for the greenhouse has been used. For this purpose, in the first step, the geometry of the control volume of a
greenhouse was designed in SolidWorks software and In order to study the simulation, the pyramidal geometry of the
figure was considered for it. Boundary conditions for the coldest day and night of the year were extracted according to
environmental conditions by measuring temperature, humidity and air flow data. The results were analyzed for two types
of alumina and titanium dioxide Nano-fluids in different volume percentages and the effect of these parameters on the
Nusselt number and underfloor heating was investigated. The results showed that alumina Nano-fluid had a higher Nusselt
number than titanium dioxide Nano-fluid and increasing the nanoparticle diameter had a negative effect on the Nusselt

number.

Key words: simulation, Greenhouse, Heating, Nano-fluid, CFD
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