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Introduction

In livestock and specifically poultry houses, controlling the internal environment conditions is a key factor to increase
animal productivity and prevent their casualties. Controlling the atmospheric conditions like the air temperature and gas
concentration in semi-enclosed spaces like poultry houses can improve the living conditions. Experimental tests on the
atmospheric conditions of livestock and poultry houses are challengeable and due to limitation of measurement points,
unstable climate conditions and experimental errors. Simulation of the air temperature and momentum conditions is used
unlimitedly with computer resources by Computational Fluid Dynamics (CFD) methods to overcome the limitations of
experimental tests. This method has vast abilities of parametric analysis and predicting the optimum range of functional
parameters. So in this research, the air temperature and velocity distribution of a poultry house were simulated using CFD to
achieve the best condition for the air ventilation and uniform temperature distribution.

Materials and Methods

In the present study, the geometrical model of poultry house was created using Gambit software and meshed. The mesh
independence study was also performed. According to the results, 166550 elements were enough to solve the problem with
an acceptable accuracy.

The Reynolds-averaged Navier-Stokes (RANS) equation was selected to simulate the momentum transfer inside the
poultry house. The k-g& model is one of the most used turbulence models for industrial applications. The main assumption in
this model is that the flow is incompressible and that the fluid is Newtonian. A transient heat transfer equation within the
fluid domain was selected to predict the air temperature that describes a time-dependent process that includes the conduction
and convection terms. All the boundary condition was measured experimentally during 24 hours and their temperature was
modeled using the proper mathematical models and applied to the developed model. The mathematical models were solved
simultaneously in ANSYS- FLUENT software. The developed simulator was validated experimentally by measuring the air
temperature of some specified locations (13 points).

Results and Discussion

The results demonstrate that the model enjoyed satisfactory accuracy so that the RMSE value between the measured and
predicted air temperature was in the range of 0.405 to 1.29 and the simulator could predict the air temperature with the
accuracy of 0.6 degrees. Therefore, it is possible to use the validated simulator for the real-time controlling of poultry houses
to optimize the ventilation process. According to the results, the high heterogeneity in the air temperature and about an 18-
degree difference was observed in the air temperature distribution at various locations of poultry houses. In addition, the air
velocity was not uniform at the different plans of poultry house; especially in the central points of poultry house, it was
higher than 1 m/s that is higher than the recommended value. Therefore, the simulator was used to improve the ventilation of
the poultry house. The results of various simulations carried out indicated that the angle of the air inlets vents affects the air
turbulence. Also, the air temperature and velocity distribution were more uniform when the air inlet vents were across each
other. Therefore, some new gates were opened and the angle of the existing gates was changed to improve the ventilation
condition of the poultry house. By such modification, the ventilation condition of the poultry house was improved and the air
velocity and temperature distribution in the optimized house were more uniform than that observed in the primary one. The
air temperature and velocity were in the range of 291 to 297 K (18 to 24 °C) and 0.23 and 0.46 m s, respectively. These
values are at the recommended condition for poultry houses.

Conclusion

The opening angle of the vents had a significant effect on the air distribution. Application of across vents in the
side-walls of poultry house led to uniform distribution of air velocity and temperature. The developed simulator has good
performance and accuracy to design and construct poultry houses.

Keywords: Computational Fluid Dynamics, Numerical simulation, Poultry house, Ventilation


https://jame.um.ac.ir/?lang=en
mailto:seiiedloo@tabrizu.ac.ir
http://dx.doi.org/10.22067/jam.v12i2.81420
https://jame.um.ac.ir/page_46.html?lang=en
https://jame.um.ac.ir/page_46.html?lang=en

B

IS Ae i

Si9las s iilo 4 pid
https://jame.um.ac.ir

&%f‘;:;ibz ;,

WASIES (o IF) loasli oY o ke Y il

M F Gilwag 9 I 0 sl Bl o g o pde ) shaea AL, Sluand anw g
T ki e T e P G3lodw il 5 sl

VAN F/VD redl )y go,b
VAN AN ol o,

2SS

S8 L 5 b it sl 2 35Le el )55 b o8l (608 0 1 L Ll gy (sl (58 i S, 33

Slopiw o Sylagye L;LQQJL» Sl g u_'>|)]o sbeoly 4o sadd dLmJA;H)y:wJ ol Jb oS d).f?b s olals 5! ..\3‘93‘_;0 Dg>ge
g Lod ajei ¢ in jluid (Sl dyans g (Job (g)lae 0 S§ 50 Baod pl )0 ] Al dawgd o byl 3.8y S Gaa b ays
At s 23120 Sl S0l Bltngs Sl 3 ol U 5 15 (53l Slolone SVl iz J o3lizl L Iyn 2 (slogS)
ol i liel el cowdas aiclo Y 0)50 G Job 3 (058 slags uSojluil )b 3l (gjpe bl ded joSho Slodnd dxwgs ,d b 4l
D e (i 5 0 (6 Sejlasl sled e RMSE Wiile i iy <8 008 )l Lg)Lo] slrdasie g A Q?A)’T aadi VY o cjlwdd
Slodend oS led u a4 /5 C L) (gylag e Yl calisie bl (lod lyuss 39y ;0B jlwdndd 5 cusly (8 VYA L /40 s3gie
2 lgn s s 9 3)10 3939 (oled Gold Yl Calisee blE 15 dx pd VA dga ¢yauds | yitnl pdaws 13 Led Jubgp addllas 3)50 (5,8 o j0 &S 0l> i
5 o3l y5Sie ()02 po s 41505 Sguke (sl ABlidng Sl Sl sim alsyo 1>l Al 4l e Kol e Pl <550 (P98
Aol el ay Curws (g)litgo 0 Lod xuje odid ploul Mol b cols 10 5 Jlasl (glop cs s g lon (sla (63959 s8] oo jo Sl
Mool Gy Gzed 8)S 518 Cgllas ds )3 g (31,5 Sl 4 )3 YF B VA Joleo) (0618 YAY U VAN odga0ne 40 lon (slod g b sedlesy
dl)_) u)l);l_u A_wbu_n 03 My 039450 yd as cuily )1)5 ML’ P S¥5 L L/YY (£03945w0 yd L)JLM’ bla u.LC-l BLl ‘91:’ [ X ‘DlDol

ol L5’9> Cddy 9 3)5\1“9 (_sl)l.) o4 01> duu»}) )Lwd.w 54.)9.@(' LSLQW (W= 9 LQL;)LJ_C)A il 9 ubl)]o

B0 ()14 yo o(gilwdnd dop s yus dyong dod x5 1 ST 5219

Lacssbon Sl xSt 9 J)S dgmp 05luS” lie (gloop>
095 Lo gl Sl oaliisl (ized 5 (Gt 5 shorl Lol
Ol o a5 ABb o ()08 50 ol (aee Lulyd J S sl
e Cawl 0l W (6590500 9 e ]38l cage loludl
S Lo g)lie g 40 jain Slos wlali 48,5 a0 Clolidl plos
2 g Vb o515 ol wSTite My claptunw )3 sl YL
P e S5 peadi g lea (e (LS cage (o aw
sbe)s JUil (i jl 55 5 0 ()laéye S g rergr (S35
cge ol (pl 45 2980 Al gy bame 41 e (o (SLS
P9 e Bz g > (g (bl OASLe g (2lo)S LIS jo
Ot e g8l clld 55 5 yorbo (i) slacallad J1 5
5 SLisgel cale o) dop 5 (ialS Lotz g (o d
SS9 a8l Gl ol Y98 jl s aclate pae b8
Iy by (99 BB L &S a8 o Iy <l ()l e o lgn
49055 e (Sl S il cage j5ie Lelse jorbo daw 5

LYRUVY

Job 5> gy Jl (58 @lie plgieds £rap55 g £p0 CudS

Sl 485 )15 8 angi 3)90 sl 4435 )3 (ompg psbey oL
ol dgpuiie mulo @110 9008 &S I yguiS” I dmy j0 &S g 0boay
Az b ond baply plo CudS pdils G pur @ oo CudgS
9 Sy Camio S0 4y (dsS jab (slag)lae po dldiS anmd
5 Ere CdsS g ) Al Glacd iy canl 0ad a5 gl
oslil gl (S5 oMol Jols (255 (slatass Ghos

g 09,5 g Sl (uiine Al i S 4z gal il -

Olnl 25 ol (655l 01y e

Oyl oy oSl ¢(65aliiS” 0uSiily (pimmmge (owdizs 09,5 dliwl =¥

Olnl 25 Bl (65,9l 0aSl> pumpmiger (gwigen 095 jbabisl =Y

(Email: seiiedloo@tabrizu.ac.ir e ki g —3)
DOI: 10.22067/jam.v12i2.81420


mailto:seiiedloo@tabrizu.ac.ir
http://dx.doi.org/10.22067/jam.v12i2.81420
https://jame.um.ac.ir/
https://jame.um.ac.ir/

VWY ool jo sl gad bl s i o ke ygbiinds (14l ) et drasg oyl 10 3 5900359

oalawl b ol plosil 1y (gilwands JolS” ulide y> oo o CFD jl
5 ) a9 el (g0 bl IS S (ol e CFD ]
A3 5158 adlllas )5 1) ibise slonyiall 13L5 Sg—e )l
Sleslawl U (g0l 5 wlidéss (Ramponi and Blocken, 2012)
s Laglitye o lsa ola GlagSll i gy > CFD
5ol buly s aladlas ol el ) oS el oni plovl b g,lsel
5 Sosbar cuslord (giloand ol ulys cod lse
(gdmdw Slowle 4l & jo (Lee et al., 2007) Ko
25 b s bl ye S 3 LS 5 e Sl slosssy
J313 53 Iy Loy 5 03905 (Gilotind (CSIpSe (e Lyt
L (Seo et al., 2009) )LSan 5 i 05,5 cwyp |y (g las o
Jie (e 400 i 30 youb lawgy odd Wg (sled bld
g o Lyl 1y (gylaese e Laulyd (gjlwdnnd (gl aiblianugs
Jolis Jae Loty adlllas ol p3 Bl Cowd (55 3485 ols &
g st ye o J3b o sled (g m bz g (sl
ol bl cod ol a5l > ol Heub bwg g sleyS
ol 0 plog! pdivee plo bawgs jo (olie Slidss o oled
(Mostafa et al., 2012; Zhu et al., 2012)
b o (Rojano et al., 2014 and 2015) |,\Ken 4 gil>,
w4 e (6ylE po (S5 b CFD i oolasiwl b audzs
oS b bog oaiadgs slo)S 555 )3 by b dgtd
i Jitie (058 8uS163 5 gy do)S 3 g dels 355 31 Jols
i 9 Jio 1 odliisl Ly egylafyo (g 9 I3 L (g
A3 b i Come Gl 4 e gls oS W08 (gjleand
ylys e Jold adlllas ) > adliaswss CFD Jas
JB g gy baree (e 003 LS (S uSlien 5 Cagb,
itie glaS 53,5 Jai 55 asllae ol ol las 31 (5 5haé e
48 390 (M pe g 3 39290 dal> 395 g badag> Lawg 0l
Y oSS @ g bl e bulyd by (geg BB Hgba
byt jl jo5de adlllas )3 3929 (pl L amd o0 )18 pilicods ol
olalsl (gjlwand (sly o @ col S5 5 (63955 lgp slod
Cawl 0 pl] pudiizme plo bawg 16 (6,50 dlie Olibss A5
(Van Ouwerkerk et al., 1994; Worley and Manbeck,

1995; Mistriotis et al., 1997; Norton et al., 2007
Blanes-Vidal et al., 2008; Norton et al., 2010; Gonzalez

.Diaz et al., 2014)

B el 0 plog] wlibss ded jl Jwols s
Adle Laggylae o JoI blpd (o 9 siloand > CFD
it Cappde g ol gl b JB B L ol 5l e oS
2,8 odlawl e wlali jials jelaieds lagliac o

2 b GVl w Swlud 5y)lS , sl Giss Ban

(Simmons et al., 1997; Yahav et al., 2001; Feddes et al.,
.2003; Atilgan and Koknaroglu, 2006)

2 ogdbe el byl b 0,00 cwsany 3 Uly
Fdi g9l 039y 9 Sllg (pde g wSTpte (By9 5 SUawiun
MRS GSLal g3 e s sl g (b 020 4 ataly
Ol 5l Olgsior dint 9 cunlie 905 b &S y5bay Cunl Sllge>
el job pogadan g Sllge B9y laptes ;> Sl
5 o 1ag 5 lagg )i po Bl (clah laromocsj (gladuasieiia
&L «ilit e Gl il slajls chale g cugb) dod Jud
Ot ool as e ol lagSl s Iop ol clagSl
Sl gl S o0 )80 1y laidle J315 lase 5 (490 bae
Loyl ye 3 (upde 5 Shlos sralp sbajls & o5 Eul
g ogdlas polie Joa jolaiods Ia by Jgol jl cowyd Sy
(Tao and Xin, 2003) cul (sy9yp6 o calio @595

o htse glagllo i by GlagSll )25 adllla
U 55 9 19 95 9 3959 S 345 g ol Canwg
5 9 mole) wdamn «ows a1 A6 (5g) Jelge lite
(Charles and Walker, 2002; Pedersen, 1999) cusl yai 58

aliio Oldlas ¢l ae (oSS 1 ookl > (ppen 4
Gholamrezai ) |\ Kon g (oo oMo .cawl 48,5 )| )3 an g5 5,90
il ins il S laieds aas 45 5l (et al., 2017
ol (gl yo (Jluw )3 Cmgboy g bod (o sl (b e
L (Baghani and Aghkhani, 2018) L5 sl 5 SLeb a8
bt ye s > Sligal 5 il &5 g Sy Jao 3l olizl
RENCOETR R

Sl 23] srand )3 55 (CFD') luwbrs &Vl Siolipd
ol b 5 15 0olit sl )00 (o)l po elysns Loyl aslllas
0l sedm lodae (555 54 CFD 5l osliul L o9l
&S ol sl g dde gl by, (Yl Seolud Yolee 4l
oSl S o (Gilwand andw slalad o) Jlw L8,
Sl (e oy, g (dlais plllo Jobo ) el 0l
SV slases olaisds Sl )8 iol38l L ol jer CFD silan
Sy g, ol oozl dljlecs coli (5yglp dmwgs
.(Chen and Srebric, 2002) el 03905 Ll g 553 cggiio
almonsl (sl 5 oo9efl el (s30 slaiy, Wisel plgisa
oS 1S 0wl )06 o degarms il b g |l 5l L3 1, Lk
9 WMo 51 CFD 09 o ogzno 03ladl 358 sy 50 S
Slasts 0y Sles )lal gilwalise 4 byjo slag) 5Ll
o3l ol 1y a5 15 i oo sy sl poliio Ll s 4 alas

1- Computational Fluid Dynamics



AL AT PR IRL GRVESIPS T X ST S0 PR PRU. A R b i

Sl slal g s a3l o golel baws ooye lag i ye
154 (glae o Yl ol oud oy ol a-) S o (g)lae e
g adly )8 oyl a5 liwly 3 @ye yio Frv Coluw 4
i g 0445 &3l Sleww S5l 5l )] Gt g baylged
Slo 39,9 sl o 29 ko Lt (SSlSo a0 55 5l o s
5 ) oyled slajlend I pliS 2 g9y ()l o b J3I> 41 o)
Slop gor3 Sl g peBlo Vee xFeolol b aom)d 2ue VY Y
Y ojled Hlgd 5o e Bl Ae jhad b oniSe due ¥ 50 e I3
Voo Ghls (oylae po cdalllas loj 50 040 005 oy€ &ls
392 p)S5kS /O Lawgio p kg 0jg) TV o Fe (2055 £y adkad
Lis g agoes Jlas plosl el g (el ,30) lgm o9y o 4y oS
SV ojled lod 53 aomd dw b g)ludse b glo
3959 Sl 42> V0 b (Sadil gl LY o)led Jlgs 53 4y
Slass (DY JSKs) wd e oolatwl (gylae g ol 315 4 o5l clon
2 Byo Lol (Saijly e ji g lagl Jowe g L slae o
Cepw b olod ()l 0oy zud g Mb o mulaid Hlae yo dyyd pulul

bl dgag (Sabib Hlde o 5L slaasy > Q! ol lsn

Wall 4

Wall 3 n
7
&

S len gl Slassll () 5 Ld @i 08 (siludnd
ket sty cgjlodnd ol 5l ozl L b adl e (56 yo
Gl g lesily (oYL glisly )0 A58 il S50 2
oS ol @ g e B e slod (B16Sy e
adlS gilwand ol oS all gl e S5 (laee Lulyd
Ly S sy 1 Bl 4SS edly ©ppmty 5550 bl
il ol (ably juiie glod Llas g Slae (glag Sojll
e (slod a3 3] (53939 Slgp ol (slonlspd s Jol
SlaSeyS gaw jloads dblo (slo)S' b olyen (g)laé yo yis

ol 0 Bl (650 balpd )3 (4508 p0 15 39290

W yg; 9 dlge
dadlos vy 90 (5 lus 4o

i (SOl g L g (Jobo 95 5l addllas 3)90 (552 e

A YV 5 Jlod anyd YV/A SIS Couxdgs jd g 0dg (oo
Lz sleg)lié e Qi ol ()l ye g5 il et 8 (B
A S l_mOT P e byl & )08 a8 cwl Gl ol

Y ///// ////
7

Wall 1 %% Vi ////%{Z/{ZZ{//////

dw R c)ly..) W oniSs :F c]}b .)9)5 47..5..{).) vV c).u.b H aallao .))yo LS)‘.LC)A o)|9>).]o —‘ Js;:)
Fig.1. Configration of studied poultry house: H: Heater; V: Air inlet Vent; F: Suction Fan; W: Wall; R: Roof

o3l 3y50 (slooriSo 5 Loy By HsShe Jbo y3 i bl
d)lA_é).a D590 Cumdg g bl )]aJ Dy dwdid 4 )I.\S—/w 1{2;.»93
e ¥ g oldl slaoniSe 5l ase ¥ ladd aS gysbdy A w3
5 ool 3)90 Jlag po Lawgs (0= JSK3) T2 39,9 (sladze s |
plaie (a0a5d Sl Slusle oo JH5S g @ Caer 5 o0
I Cromud 93 dy  Slwloe daly jolate oyl (gly .0 oolail
8 Cond (guindSd (gl g Ab e D g 2 LSS Juld
Sy 51D cuod (gly o (Hexahedral) xS ol Lol

(Y JSs) i oslaiwl (Tetrahedral) sl o (aSo slolall
Sy ol VA0 iy adsl Sluslre diols

5 O A SR o B Gl Jliml gl (wizen
oo slys 8,8 o )5 edlital 5,90 (D) IS5 0o ¥ Lai
Cd o L) sl daizee 55 5l () 238 ¥ el e sloyS
c g
o 0dlatul (B g 8-Y JSb) lsn 39y (sladoy )
dandlas 390 5 jlad po (shaas oyl il (5 jluucindds
Golat po gumapledl g (ousia Jao alaal

CapeS )l5-8lp 5 Lo )3 adlllan 3)90 ()l pe (utin i

O Lo 3 (lwbre disly (1S g o5 (F=V-Y )



VWO ool jo sl g8 Lol s i S ke ygbinds (14l ) et drasgd oyl )10 3 5500359

(®)

i
a8 | 7 il
iaa i I [

=.SiSEEaE]

allas 550 Sluslone (lad (anplall -V JSd
Fig.2. Computational grid of studied domain

2 ol w2l P9 pbMie sximd L a5 el cossay VAFFYS
Sy s 4 58 Gl S35l lgn (639)5 (sloaom ) Jore
b pb e Loy pf) Lidalae (Sdgyam jlad (g
5 ook cubls oS 5 lslinl K-€  Szasl Jae 5l oplply 29 oo
Sl )l (SSLSe 4505 sl Gl bl mpin

(Norton et al., 2009) . edlatw! dliwe Juls

puD
R, = _77 (v

5kl K€ il Jna j) oolisiol b ygSia Jli) <¥olas

bys plyisa (7) daily g 805 (il (0) 5 (F) Lilgy ©)y90n

ANSYS-) .8 ), 5 oolitl 3)50 & ¥sko Lo (5l 4
(Fluent, 2014

ok
Pa 8tT +P.UVK, :V[(n+m/0k )VkT]+T]TP(U)_paS (\c)
Pa %‘*’ p.UVe= V[(T] +n; /o, )V5]+ Coaen P(u) /Ky =Cpp,e’ [ky (G)
P(u) = Vu(Vu +(Vu)Tj

N+ :paanTzlg )
t=0 = k=0, =0

asla c¥alas

potion Ji5] Lol (6,1 po Laoms 15 oSl Jlil cloody
Yalee (6,18 po Yl (Gilwannds (sl oS Abb o Lo)S Jlazl
Sire bl Jloel Ly cigls — sl I8l 5 Lz 55 oS>
LA > (g3de O ygods Cuwlio
p yisae JU

5 i oy 38 b poinn JSl oyt 53 oS Ales
4S5 Wb ol (V) 9 (1) banlyy ©)pgmodn (a8 Jw 5 0515
potiae L abilao 5 (Siwwgn Ly oy sl adles i oy
Al o
V.u=0 ()
pagt—u+pa(u Vu =V[— Pl +(n+n; )(Vu+(Vu)T)] (Y)

alius Jalas o (38T Jus ) ouliiul
9 ol YL g5 S (SOl s ol >
ol (ol M 53 Lo)S JUl 5 (86 @Yliil g Jub Jidsay
2 cpmep (Norton et al., 2007) swn gbMis <S> b
b Leas s 5l (639)5 lgp bawgie Casp 435 plol adlllas
ae cplply s cud 4l ze ¥IY dgds )3 0y50 slayislo)l
Lo lp ol e g b aslons (1) ekl 5l ool b 5l



AL ATIWIEI PR IRL GRYESIPSTI X ST PR PR R | e

ales

Nomenclature

olej ¢
Time (s)
lpo slo,S Jlas! ey ‘
Air thermal conductivity (W m™K™)
3T Lfl")f L"-‘3)"’ Cp
Specific heat capacity (J kg*K™)
LS ge s
-3 T
Heat source (W m™)
Jlws 45950 9 n
Fluid viscosity (m? s%)
ol ply ol
/ Py U die CT]
Model constants equal to 0.09
VIFF ol el sse c
Model constants equal to 1.44 !
Model constants equal to 1.92 .
WY ol ol sae -
Model constants equal to 1.3 ¢
3 ﬁl)g C,ul) dde o
Model constants equal to 1
O G @ R2

Coefficient of determination

C,J-).w u
Velocity (m s?)
PR
Air density (kg m?) Pa
gy sae R
Reynolds number ¢
b o e m
Poultry body mass (kg)
Lo> T
Temperature (K)
s po Jlo daile (Sg)dem o D
Hydraulic diameter of poultry house (m)
Heat generated by the poultry (W)
Sl ye b (sl glos T
Air temperature of poultry house (°C) '
pbdie (> (55, ke
Turbulent kinetic energy (m?s?)
oMo & 59Sng -
Turbulent viscosity(m? s)
Saadl 513 (B0l 55
Dissipation rate of turbulence energy (m?s)
et Slayyo ad) (:0ke RMSE

Root-mean-square error

Lo,s JUis! alsles 395 p3¥ ol 08l o ST il g (sl o
245 b (Guole Oses D9 b g Bld L s 5
2 Le)S Jlimh g adl jho lop Copus (5050 o 3blie (5
LS Jsl aulp 1 08 ©jge colin @b 5l By ble ol
(V dlaaly) 0 485 Jlaiys ploarle 5 Colin | (S 5 900
pC, Z—t + pCp(uvT) = V(KVT) + S; v
oslii ol Loy JLisl alsles (o306 o sl o5 c3p0 Ll
AW
V2 V1) lsn 3955 slaasm > )3 550 byd g 3909 550
s slod 1t SLsl las (650 bulpds 5 51 (VA 4 V3
5ol celu YF Jsb 5> o slaginlejl b s & 5399
by Grzpn a8 Giledae ploj il (2l g (V) datly @50
5 Blod adgl byd plgisas (09l 420 VAT ply loa oyl
olistul (B ye LS (550 by (Y 0)ladd 50) Igm 295 jye
4 gy hiw g )led (sl (RLWA) Ll 4 o) i g lg00
Lajye ool (slod s oliznl (olod (650 by 3l (oylué yo Sl
(V) 5 (1) bslyy &ygmoay (28 lagiulojl G 5l 5

B ol 3)90 15 (550 Larlyd 59530 SWolee Jo 4l
WY

V3 V2 V1) Iy 39)9 sz, G2k 3l lgn g 399 50
JLi8) el JLid g5 Sl g5y Lalpd 45 Ao (gylagse )5 (VA
83k Glie i I 399 Ayl it CLS! (L phunes]
A Jles! (4353 V0) bvase yo

229290 slaodiSe ol lg 9,3 slajye tlyn 295 Sy
Coyo g9 5l ipe Ll yd & 39 (F2 5 F1) (gylad e Jlo slosl
pialel (b xS jl (298 lon oo pus Lawgio b (08
el Cowday oy

dod Jold (Slolows atals )3 39290 (slajye plo ilajlgnd e
sbaolyd ypods LpSpe S waw 5 yia i (Sl o)l
D a8 e s (03 el
Lo S Jul

Mol glo)S jl e o)l e o S5 (dlan (slos s
s jload bl Lo )S 9o (gaj slacdlad Sl 5 0
9 Ol 4o (939)9 lon (slod (p9ebo Y938 | Juol>) ()l
09 e slod @y 151 )5 e sbald glod s



VYV ol jo sl 948 bl s i S ke ygbiinds (1L ) et drasgd oyl 10 3 5900358

LLL el 3 o1 o 5 dlte Canle 4 4295 b )Lid g Co o o
(ANSYS-Fluent, 2014) 1 osliz.|

Jo S ploml Gl S cel YF (b (o)l po (gilodnnss
oo D 5 (b Ve Slaej slapls Ly Vol e (g30 <
e oSy el S5 Vee e iSlis 3l | plS ASFe Lol
A5 alais g (g3l

ablee Jo gl Job 3)90 glrosila Sl il Ko bl
iz 85l s o Yolme gl o fe 0N il (S
501N dlp pYgng i 3P QU 25 585 Y59
B 8)S a5 )3 efeee el (550 Al (sl cales

ASach JSSl sy
L cosyan uaSid g9 5leg oSl il (o) cax
S ]a;l)_») L ul_o.” VoVeo NS BFY\\"\Y FEFOD AFYYIA
ool o 35 sl Lod golis 5 o oo 5 ol sy
7S 2oz g pows Zolaw o MBI (1 JSL) ool Cndes ol
I U.:Pé\ﬁ)_.o 9 A_JL.wle > uu.lblf dl).g 1 Dg duod Ay )1

odla_wl U.:Le(» sla oo LS‘)’. OLJ‘ SYIWYWYY oliss )‘1 [l C)L"}

2023 slagiule ]

09 e lod I (b ojlgen (5l e o oo sled
D9 Aalgd Sglite Sy (o f g Juad | (ol oS Cunl (gyla8 e
Syl 9 Bl jlosd e (glo)S ()l po (ygm bazme glod
1m0 53 56 s |y o 4y (23559 eln (slod 555 5 o
byly s o (ably polde jl o9 p3Y (gilwdnns <8 inli8l 4ly
claiolel jolaie ol (ly D9 odlitwl adbaswg Jdo (5jpe
lod Slyis g bl WA Lo ooy AIVF )5 (lod 2l oyo0
A8 gile e 5 (5 pSolul el VY 0,55 S Jsbo 55 e

WIS W KVS

5 yoeb g 01 syl sloS Jlosl cagn g ylaé o S
o deg bacd odlitl oleS )ld (50 byd jl)lépe yinn
L5 e o8 e)) g o)l o IS g pe (1392 08T
SURCNYRVIJPIN V- ST PS P SR
(Rojano et al., 2015) ub auobxo (A) dkasly 5l oslazwl b 40 yo
Slyp led bawglo 5 p)ShS V/D Ep0 2 (o p 2 dally (]
o L as)S a5 o8 il a0 VY (g)lué po laee
e ele)S s il lo B Colue g g0 Verr (i35
by ol A g (slo)S 105,85 dunlxe mpe yio p g YEO/DO
ol oS 303 Ve 35 6ok st 5] ol VL 5 Lo
bS5 > ol
S

012 Adgs sloS Jlasl (gl ((HA H3 H2 H1) W55 5
o (sLod bwgio I (gjludnd 218 5 LapSp, S lawy
b slod L )L oy &jgods o Sp )3 il eolitwl b (S'p )5
55 iS55 i 05 (25 cslS 42,3 VYA Ly s
55 0-YIFA o335 (5ho,S i o s p S8 AT stls
=l VY ()l colid cupd by (nglS a2 p55kS
A5 Bld kS s o yie

W2 W) Lajye sl gl s ilslone asels glajye s
ol (glod @y b odlatwl Ld (g0 b b 3l 55 (R2 W3
3 (il Jace Ll 4 g Jled g i (glod siilen 5 )5S o
(1Y )

AH =1O.62m°'75(1+

Suss Ja
e Jo> ool S gl gl SYolee e300 o 6
SudysS 5l ooliiwl b dllue Jo g Juloo caps b oolil Hlid
95 ooud HLid gy 3l calllas oyl 5> oolaiwl cus yuw —)Lid
bl ¢l (Pressure Implicit with Splitting of Operator)

] 286 287
290 PR
é ’f’
(<5} g
£ 270 A 264,-
v
g 249°
GE) 250 A )
|_

230 T .

0 400,000 800,000 1,200,000

Number of meshes

S it gy ol =¥ JSud
Fig. 3. Results of mesh independency study



AL AT P PR IRL RVESPIPS TR X ST PRPPRT.A R | )Y

A (29 Sl Cop bausgie lgisa ol (:S0ke 5 8
g ol ddian b inle] Job )3 45 A 485

i8lidaia g3 Juo oo liic

S ym03ly cgjye Laulyd 4 bgiye slagspSojlul b olojen
Sl Bly ages kalyd 53 9 (5l e Gl lise LB 3 pled
Ol 9= Syim I 4 plonl by Jae (oxiwlis]
slod 9 (F USK8) 0 oueni B g A (S 93 ) plesiblo «55la8 p0
Js5 9055 diwgay el VY o by calises alai VW 5 Ign
i) ¥ 55 Lod i gl o cyuees bl 05 i g (5,05l
syt 5 gytoislo Yoo 9 VE+ o eyl ol s cilieo
sled ablaswg Jao suw)liel ol aimib )8 gylae o
slod bwgio L adads o 30 jlusand gl 00 o i
85 RMSE (g)Lol ot Lis §l oolitaol b 5 duuglio o (5,505l
A (g diBldawg e

ddnod g (295 9 (639)9 S S b I &
F2U g (b s adisie dblie 3 lpn cieyu polie
Jmols (ot g o ) a5 gl olie (o5 ABL s
&9 el o 08 o coliS llo 5 Y 9a8 5 i
a6 pSojuil sl iy, Giliseo L& 3 g e yus
3l 53 9 533 Loy 33290 syl oolisal b o5 lgm
e i 35 Batod cpl 0 &Sl Sl Hla <B5 Gl
lg b (glod g e puo (sla Judgp &Sl @ angi b cplpl oo cols
ol o By Joe milizel sl oo sy SSoton &
28,8 g lgp (slod (gl g S0l

SIlaf 5o (5 5luudings
YL shtre ilwand jl Jools @l polul 2 ol »
sl ye Candy G5 Jb p3 008 ¥ g I 39)9 (sl 5L a3
cdiseo bLE )3 lgd Copo @98 35 9 bod @y (319 bld
2 Fbe G319550 sloml sl 9 <85 )18 adllas 590 (55108 5
oAl38 s 1 Sl (l9n co p g Lod) (B> a8 Cundg
5L 095 aje doal (Sasil augly e 5 3k slaasg > sl
Jlesl losiSo | (295 (slon Cus s g KB VY sladoy o oy
oad 03,91 gl A5 3 oud Mol ol b Sspsbor )5

L)

9 e g bylend dlo Sl (650 bl Conl sy 4 p5Y
alg 6l podls 2l g jg) oloj @l o & 3959 lgr sled
oLl sl s Jlw Jabo o Laoals o) (990 pusiio Judo & 04
bwgio d S Cwl Y diued ol 0dbddrwgs jlwdud | odldis!
5 9 a8 090 Juad Lol 3 (Slojojl G 50 bl (slod
59y Jb 2 19 (slod s bawgito 5 (639)9 (Slga (slod Lawgie
Candg L5 258 Jlosl Jas 13 5 s 50jluil (Sloj o3l (lon 5
235 pasuie o > oy g 2led g

e sl (6 pSojluil (sl ol 4y ) G 5l (glo
Sy A 3y90 sl 9y (RT W) QLT & ) i 5 152
D T s 3,k gy Y K 55 Sy o0
Celo V¥ Gio )3 5 cual (FIUV/PC cumlus g 01,8 ol a5y
e (DL2) Yo abuogas [LSG 48> 0 o layl (glos @l s
Cod slaoaldy b ggpi als 1 am W Cel 1 gyl pooly L
ot (gilode loj Sl (b ©ygot Clie 3l bz )5 00
aibaie Loll 1y &Yolos 95 ol 05 Jles] 5550 bl 3
D9 (e g Oy Bl Juad o g oLl

(R2 W3 W2 W1) Jlass 4y 5, i g Laoylayd (slod
9 Layled don (gonbles lguieay WLl mdaw (glod ol yss
(Jd o pd dlidio gy d j0 ol > 48,5 ), 8 4k w
5 giladse gloj 3l (ol bl Sl coled 5 5 553l

(V4 4 V3 V2 V1) g)licye Jlw ay (609)9 slop (glod
s pSoilul alie (Bo) 4 j (5l e Il 4 (639)9 lgr (sled
2 ¥) Qs JBI 4 lgn 3959 slad ;s 53 9 bl (sled
5 siledde 5 s pSesll (b-) S

Lasgio s (sl {HA H3 H2 H1) oS p 8 o (sled
JmsS 905 Sl ool figSga 5 93 jl oSS aw (sled
099 Y Jsbo 3 o s (slod 5 i a5 5 51 (S s 09
2 p9d JmsSse s A 6 pSojlal Jadio (05 (hgels 5 (1)
5 3y ylej de g ladd dla el b ad cuns (Sp )5 jglis
Sl 2235 pasuie el YV Job )3 (565 4 Jhgels
O 9 5SS GRS el by Cldd S & dagi L
(O gals g (ndg) 0090 ¥ Job )3 (Sp S e sled (15Ske
& Olged b Jse )3 g o duulone ()5 v (slod lawgie
ss 48l dnmgs e (sjlwosbe (sl pol ol 45 1 Jlacl Lyl
LU ©jgot ()l gie (plod Gl (sl ©y90 cpl 2 5
Ao Jlesl b Jao o ol 5l b

ey (=l i(F2 9 FL) LaossiSe 1 (o293 ly ey
(TES-1341) flomas g9 5 grimias yus oS3 Sy alumgty



AR}

e § I o Sl gt Ll i Lo ke jelinods 1AL, Slwdid drwgd (] )0 g 59158

6 — T —
é |_I E :\Ii,;
4 Tttty 9 i .3 .
i =11
2 .. oy .. =
A ) s .
*6 =10 P Xl .5
4 . . . . . . . -3 . 4: . . . -\i'
1 1 1w
-6 N
-20 -10 0 10 20

Ve gl )3 W g WY Ve bl g g pto bl ¥o glasy)l 08 1Y bls) jloaus oxwylael gl los (o puSojlul bls —£ S

(ol yo Sl g pta gl Vov layl )3 VY aladl g (6 pto 5L
Fig.4. Location of temperature measuring points to validating developed simulator (points 1 to 9: height of 40 cm from
the ground d; points 10, 11 and 13: height of 40 cm from the ground; point 12: height of 40 cm from the ground)

Do (glafpe Ylw dn o b g Cute (sbo)S LS dbul cage
V¥ Jsb 53 9 595 ol jl nls pgots WA 550 55 Lo @l
5l ol Oyaoas RL jpe (slod Olpuss 5 (1) dlasly & ygody sl
el slaasls wiad gilose (V¢) daily &0 9 59y ol
S o (gl il o Jis jLael )Sly oS RMSE 4 R?
By Sl byl polde ilodds 0059l y5 50 (o550 baslyud (sl Jae

S5l o 04 0310 drwgs  olydiwl sla e sV

300 bl yh 5 S sl el

Gy basly b dod 0n il 03l dr gy Jho By Lilj8l 4ly
B0 (S0l oy Cyaody

O3] aans Ll ((RL WA) QLT & 5y il g jlgp> clod
PS5 e (R1) Ll ay g, G 5 (WA) U314y 5l &
Gk pe o J51 elon b o] (slos IS &S o0d Jlgp> 0

Twa =291.4+0.6249 cos (0.00007804 xt)+1.019 sin (0.00007804 xt) ()

R?=0.7952, RMSE =0.4522

T., = 292.3—0.09696 cos (0.00006431x t) +0.5157 sin (0.00006431x t)

R? =0.8885,
e slod 50 5 Laod S (glgn ce p (650310l ol
239 (31,8 Blus 3 VYA Joleo) yslS OV
a8l 55 Jas o b
W 5o dibdnnss Jdo omlisl 13,55 M oS gk slon
g0 (5yS0ill sled s RMSE jolie i plodl abass
Cadly H 8 VYA LS /¥4 oagiome 3 o bawgd odd i

RMSE = 0.1418

odd )l gl 5l e 3aios ol ) odel Cawdats polie () Joio)
ol 45 545 (Rojano et al., 2015) ,LSen g glog, bowgs
e e eas i35 VA (/R s394 ;3 RMSE jlide
0l (S o3lil bl 5l gloailed lgicdy dlais ¥ glod 4y by po
O 29 by amd o L 48 ol ol 039l & S5 5
Y alads j> oS gyeboas 2)ld 393 0l (gjlwdndd g ()0 sloodly
5 01 (5 iS50l slod yy OS] Laugia 5 il (ST

()
95 103 5l et a4 Bjled plo g il 4 gy Gl (slod Oy
w55 5 el lyps (slod BT (R2 W3 W2 W) bl &,
losS L o et pe ol 51 (elom (slad b s Gyl o
Slyds Moo gpm S 4 b)lend ol jl LS <) yum g (it
Sygodr 9 59y les §) D ©ygmots ] (51 pdaus 3 Lo
A oolatwl Yolee Jo 33 (6550 byl b 13 g (g3l e (V) alal,
Tys =—7.003x10™"° x t* +5.896x10° x t +291.2 ()
R?=0.7085 RMSE =0.2605

St re Gl I lor (slos gy bame (slod Sl
Dg () ye dn 0 )l lom glod I Slie g2 BB jobay
9 obej 5l (U htpe (s an (639)9 Sl slod Sl s

A5 gloae (VW) dasly )50,
Ty =4.042x107° x t* —0.0003668 x t + 280 o)
R®=0.8078, RMSE =1.226



AL ACIWIEI PR IR L GRYPSRPS S X ST PRPRU-A R B i

bz bla glod @lpuss 299 DB o5 4 diBlidmwgd Jdo 2939
O3 e e 9 A8 s 43> /5 B L) (o)laéyo Yl
odlauwl "j R Copde g (golig e Jame baylyd adllas (4ly
2,5
S yo (glaons byl caiBldrwgs Jdo (sualiel 1

3390 (o il BIES 13 13n St 5 13 o cslobbpn Joli
ol o 039l dald] )3 ol ol a5 €83 15 anlllas

20 D9 4z yd +[FAY g o[e 0N AEY ply Cud g odd (gilodnd
dyd YO g <15 Pl s i Lod BN lawgie j5 Ve 94 b
—d g 5 sodld o oad odalie slacglis el Cunday
WSl Y¥olre (i Couo g Cadgdzme Jd 4 ol (g5lw
D9 Sllg bawgs (6553l 5 pyr JUS) Seelias pla 3 05 odlitl
B e Llyd 3 fse g paie plgisd Casb) Jls plgisa
Yabas 5 (g 2l o o)S Wg jlade )3 Slg5 oo ()0 5
Sl iz ol onts 4B S i )3 (silodnd gl oS>
Bl Ly 3 Jy 35 408 Ja5 3l o575 (slad 6 uted
O L dde (hgals g (g (e (Sloj sloye )3 (S8

305 , Point9

305 Point 3 Simulated Simulated
< —_ = == Measured
=~ 300 easure < 300
5 <
2 =
8 295 - b oAbty . € 205 s aappeadet,
£ . CLLAE g vie NN
|_ (<}

290 = 290

285 285

0 200 400 600 800 0 200 400 600 800
Time (min) Time (min)
. Simulated
305 Point 10
=== Measured
< 300
L
2 205 3 Avan) St ariiieiy
o 7] )
o
§ 290
285
0 200 400 600 800
Time (min)

Sloj plp 5 )hépo Pl caliso bl )3 osd (6 puS0jlul g ol g i (slod Ol puis  iowie =0 JSW0
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Table 1- RMSE value between the experimental and predicted temperature by the model at the various point of the

poultry house
bd (g 5051051 bl Lo (g 505101 bl
Temperature RMSE Temperature RMSE
measuring points measuring points
1 0.405 8 112
2 0.71 9 0.97
3 0.652 10 0.78
4 0.815 11 1.25
5 0.533 12 1.065
6 0.697 13 1.29
7 0.995
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Table 2- Modification of the poultry house to improve the distribution of air velocity and temperature
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The angle of V1, V2, V3 and V4 vents were decreased from 15 to 10 degree.
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By maintaining the variation of stage 1, two vents (V5 and V6) were added to the poultry
house by opening angle of 10 degree (Fig. 4).
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Two vents (V7 and V8) were added to the poultry house by opening angle of 10 degree (Fig.
4) and the opening angle of V2, V3, V5 and V6 were increased from 10 to 15 degree.

Wsl5 52 ;e 9 5503 0 93 (255 5L
ez > (Sadil
Adding two vents and variation of
angle of the air inlets vents

28l ialS 4l e £/ 4 4l yte VY ) aodiSe )3 lga Cs s oF dls o Ol Lads L
By maintaining the variation of stage 3, the air velocity of blowers was decreased from 7.3 to

6.9ms?

(2l Tob) (2903 530 3 oy 0l
Decreasing the air velocity in the
outlet (final design)

&5 4 9 09 3y Jad (gl Slme a5l Sk Hebo g )3 192
oy d ol S a0 Sl 55 4ol ol 3 e (slod

Ladaa jo (Sadijhs dagly jo yaadd
C,&)_w\c9\ o)l.o_,.i) dLmde")J C;”lqm 3O Afu,»]d.;dbyb



AL WATIWIEI PR IRL GRYESIPS T X ST S PR PR R R

ploml Gl i b g osllae o & lgp ooy (3l (61
FIA AL VYl odiSs 5l (20y5 (slod ey (8 dlsyo 3 00
Pl slod (ol gl wlal p b ool ials aib v j2e
el )3 S gysbs sy Collao do g aBl il )5l e
Jolso) (podS YAV B YAY (godga0 13 lgn (slod (g lac o (Slg
L5 /YD (g0d9a 30 53 5 lod e o g (31,8 Sl 40 V¥ b VA
Casly 18 Al y e +/0V

Tk

23 T A e ol b pSie Sl Jlesl L

a3 Ve polp (SaBibansli LA sV F O sladaom)
Gy 9420V polp (SABjl i L7 9 0 F ¥ (gladxm )
(A JS8) a5l 2 yie FIA iy (29 slrosiSe

ot Ly (s 3 ol gl o359 s Jlc
Caaid bod @595 (31985 liae oS 0y LS ouds Mol (g)laé o
L5 YA odgamne 5o lan (glod 3 g 0 i i (g)l0é po ddgl il
8 ogllas ds jd 5 (31,5 ol a0 YF U A Joleo) (palS YAY
S 5l L5 5 e o I by {1+ JS) o5
Cannd 0405 2ol (g)la8 50 13 165 bl 5 yao (glop Cus puo b bl
GMS] aoly g 319585 inpd 5 ol yiaS dadgl clls 4
Mol sylieye jd il o 1S 0l Mol Cdls )3 loa e
= ye VY (godgamme 13 (6)lE po bl LT )0 lon sy 0
I by oddduog palie 4 a5 5yl 1,8 asl e «/FF L asl
Spw Juad Jobo 13 lsa e o sl (Lee et al., 2007) ) )Sen o
ol K505 8l 45005 9

S oyl A 0l el dsyn Ve @ VDl oy > (Saubl 4l
Pl @iy Bl 5 Gl 3 lgn Cop @i (BlESH cage
22529 (=l b job maw 3 F 5 ) slapSe)S jobre (g
odd Jloel s joubo g 53 9 ¥ 5 ¥ sladom )3 jobre (g
Cdl a cos 5l se 3550 4l )3 I (slod (I3l s
A5 4y
(V6 3 V5) asm 20 93 a9 3t

Jds a0 blde dzyd 93 09 &S Db ol clalllas ol
Dl 55 0 (295 3 lg yae LIS zge o b 3]
Ve (Sl angli b (VB 9 VB) e aom)d 93 (nlply 3,5 0
L alogl ¥ g ¥ sladoy o blis )0 o ¥ ojled jlgud 45 dn o
b SesS b )3 la o g Lod @i 00 plosl Ol s
5 2095 el i ¥ gV o)led ladsu ) 4o bgye
o> Ciyslome 53 (Jg b pdgazme adol b & s (g )lu 4o
9 YL lon slod Ly (blie join (6)la8 50 JS 50 )3 9 ¥ 0)les
Cably 299 gllaols a4y gp5

Sl gl sane yuadd g Sas Sdaa ya 99 (e e S
Ladaa o

9 VT) 505 a5 93 o Jd dlo o llt (1395 Cgllas 4 25 L
godd jbdyd Ve Sabib asli LY o) o)leds slaylesy 3 (V8
AP0 ananpy Ve lF 50 XY ladon s (Sasil sl
lop sy 5 o3 0555 o2 19iSy 0 ol et b cly 2l
adgl el 5 g b alsye 4y s (g0 555 0 (29
sbod auges bulyd job aw )3 Glizes (Jg 00 e ()la ye
95 gllas Iga

Laowise 5 (o2 905 (5198 Cae puu phalS

S ye o 2l ok~ S
Fig.9. Final design of the poultry house
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Fig.10. Profile of air temperature at the transversal section of the modified poultry house, 40 cm above the ground after
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