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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBJECTIVES: Observations show that most of the cattle barns built
Received 2022/11/05 in Iran are in the form of sheds, and during their design phase, limited consideration
Revised 2023/01/06 §is given to ventilation conditions, despite the significant need for it, as well as the air
Accepted 2023/03/03 §circu|ation patterns within the barns. This oversight leads to numerous issues in the field,
Available Online  2023/08/06 with the well-being of the animals subsequently affected. The main goal of the article
iis to improve the ventilation of in cattle barns, through architecture, in such a way that
Keywords: gthe optimal and uniform air flow is established throughout the environment, at the level
Ventilation iwhere animals live. According to the nature of the subject, the current research is an
Cattle Breeding {interdisciplinary research and a hybrid research method is applied using experimental
Barn Architecture iresearch strategies, simulation and case study. In the first stage, after identifying the
Indoor Air Flow Estatistical population (cattle barns in the cold region), their current situation was

{investigated empirically, and after scrutinizing the problem and finding the research

ivariables, the initial plan (case sample) was proposed and modeled. The desired model was

i first meshed with Gambit, subsequently undergoing simulation via the FLUENT software

i employing the CFD methodology. Adjustments were introduced to its architectural design,
and sond the el amiine i followed by the analysis and formulation of conclusions. The results show that, by making
iminimal architectural changes to the barn and the openings, it is feasible to enhance the
fairflow pattern within it. This can effectively establish internal air circulation, diminish
i temperature disparities among various barn sections, minimize temperature fluctuations,
and lower energy consumption.

ETHODS: Considering its interdisciplinary nature, the research employs a hybrid
H approach that combines experimental research, simulation, and case study
i strategies. The research encompasses all cattle barns in cold climates as the statistical
i population. The chosen case study focuses on a cattle barn designed for approximately 250
cows in the city of Salmas. The research findings indicate that enhancing the architectural
ilayout and positioning of openings, along with their primary composition, can lead to
{improved ventilation in cattle barns and a more uniform airflow within them. The research
i utilizes numerical simulation, specifically in the case of a Salmas city cattle barn, validated
i previously through Olsen’s experimental methods (Rahaei, 2014, 2013). The validation
gof this method is well-established and is based on Nagano’s (1990) validated technique,
i utilizing a zero-equation method and model. The numerical calculations are conducted
i using the computational fluid dynamics method, employing the Gambit preprocessor for
meshing and Fluent software for network analysis.

Number of References

9 :
T INDINGS: Considering the research goal of enhancing airflow and subsequently
e i@ ventilation in cattle barns in climates similar to Salmas city (the cold climate), various
=1 i scenarios of a common case study were examined in a two-dimensional manner. Initially,
Number of Tables i longitudinal sections were analyzed, followed by transverse sections of the cattle barn. In
2 i all scenarios, the energy equation was activated. The optimal condition involves a smooth
gand favorable inward airflow through side windows. Afterward, this airflow undergoes
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?conditioning as it passes through the radiators installed in the windows and, if necessary,

i proper dehumidification is achieved with the assistance of mist sprinklers. Minimal energy
i is drawn from the lower part of the area occupied by the animals and is expelled through
i the roof opening.

ONCLUSION: Based on the above-mentioned resources, the following are suggested
in the case of longitudinal and transverse ventilation of cold climate cattle farms:
1. Unpredicted entry of outside air into the interior of cattle barns should be strictly
i avoided.
i 2. If the entire space of the barn is used, the use of a longitudinal one-way ventilation
¢ mechanism is required, while all the openings are closed. It is recommended to incorporate
a temperature control source, such as a radiator, positioned at a height of 3 meters above
i the main floor level, equipped with both hot and cold water supply, at one side of the barn.
i Simultaneously, a suction device (jet fan) should be installed at floor level on the opposite
i side, expelling air outward. In this setup, fresh outdoor air, having passed through the
radiator, becomes conducive and enters the enclosure. Following even distribution of this
air to achieve a desirable temperature within the environment, it exits through the suction
i system located on the opposite side. Additionally, a pressure regulating valve should be
{installed at the lower level of the side housing the radiator, which can be closed during
i colder seasons.
3 If it is possible to change the interior space of the cattle barn, lateral ventilation is
i suggested from both sides.
4 In general, transverse ventilation with a roof valve is more efficient than ventilation
along the cattle barn.

| HIGHLIGHTS:

i - Position of openings and blowers and suckers in the inner architecture of Salmas city
i dairy farms with the aim of improving the ventilating condition.

i~ Combined research method (Experimental observations, simulation and case study);
%using Gambit and Fluent softwares for simulations with CFD method: intervention in
i simulations.

i - Unifying the indoor airflow inside the sheds by making limited interventions in the
architecture.

{ ACKNOWLEDGMENTS:
This research did not receive any specific grant from funding agencies in the public, commercial,
i or not-forprofit sectors.

{ CONFLICT OF INTEREST:
The authors declared no conflicts of interest.

COPYRIGHTS

Copyright for this article is retained by the author(s), with publication rights granted to the Journal of Iranian
Architecture & Urbanism (JIAU). This is an open access article distributed under the terms of the Creative Commons @ ®
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long as the T

original authors and source are cited. No permission is required from the authors or the publishers.
https://creativecommons.org/licenses/by/4.0

HOW TO CITE THIS ARTICLE
Rahaei, O.; Barehyun, M., (2023). Modifying the air flow pattern in cattle barns of Salmas city through architectural intervention to improve
the ventilation. Journal of Iranian Architecture & Urbanism., 14(1): 311-326.

d https://dx.doi.org/10.30475/isau.2023.368528.2003
-?. https://www.isau.ir/article_179337.html



https://creativecommons.org/licenses/by/4.0/

VFeY lawsl g 5lee YN-YYP Olxian ) oylols NF 0590 .0 0 (55w je 9 (5 ylomo (ode @y 205

Ol 6 3lw yoeis 9 (5 lore (ke & il
(JIAU)

https://www.isau.ir/

;M' 95— ;o.l.c e

Sud b (gloxe )0 alslaw G2,k 5l wlobw el s 09l J&1s slan by 5951 3o

T A g0 Caridg Ogae

T ogor S Y oy agel

ol ol Lﬁ’[?) SR NKRLAI Y. ¥/ LS TV ) L;;Zo.u‘;u.ugn oLy ybole] )
Ol 0350 g ‘Jaxd/aé;[o[f.m'b 035 0lpw u>ly o5 ylars 09,5 o 5 ylore )] Ll )5 sozeiils T

ouS>

Ao wlazice

Ao Oye0 ay sl o oad izl slas,logls (5 ooae 4 S w oo o i Sloal i
5 (Ol 5l 9525 L) aged Sy a (s iz gl (oo lb a il s g eos
e 53 (Hlglhd Mt el (l g 35 o0d L Ao 3D Slso (L2 (10,5 59l
Sdlgw 51 daapd Cndg 09 cadlie Lol Baa cily walgs Loy Lapls iolul
2 e g ool Glea Gl > 48 se a Sl (g lene 3k S 6o
ol S Eamdge Copplo dm dzr gl Ly ag B 8 0 Laels 5105 50 (6858 e il
G sl pealy g cl (S 5 Ol B (2, 5 00— sl (Lo sl S
ot gl ado e 50 oo oo )l B ool il 0y50 1,60 50 imghy 5 ilemdnds (o
e do Loyl 092 s0 Crdg (0w adlaie glag loglE) (g Lol dsals o i axx i )
a pladli3dod slapaie (8l g alie SLST Gl oy 5 ©8)5 105 (i 2 S5 ()2
Ot L il Loy o o (T (i09ad Jos 5 (69,5 atged) adsl 25 b et
(Fluent) csgls Jl53le 5 51 soliiwl Ly o g (goimases (Gambit) e 5 S_sjls
P s 9 S35 O j50 o] (5)lere j3 (SN 5 030,8 (55l was CFD (g, 4
Golene jo jaizee e L a S aas o ol mol ol 6, Sass g Jdow 4y
et Lol dgge iz |y o J51s sl sz 65T s o g5l cpdie 5 alsos
g Wgmw ilie LLE (s slod BB fals 5 (A lso ez 590 )18

LBlo ials i1, (65,5l B man ( mles Cllwg il

A 905 Cardg Sgur Bud b ulelus j0d (sla s )IoglS (slad (g loxs 1o WaoaiSe ¢ baonies gl b Condae -

CaeS sl l38le 5 Sl eoliil L (g5l (53,50 iigly 5 (Silwtend (o2 Dol (oS 5 Bdodd B, -
lagslwacs o alslis gCFD 35, L g csssliy

(S lers H0 dgazme DMSlas plodil b laalgus 51 (sl )b > (s3lucs eSS -

[ |
EVFVANE Juo)l @,
EVFaneng S5k b

VE-VAYNY Sopdy b

ARV 0N T el &)l

oS o 53lg

4505

sologls

Uy (5 lore
Fo sl ol

Cpmdg dgpe Bad L (g Lane j0 a3l 3 ,b 5l ulaw joi slag logls S5l slen L > (55X @ %)

FLOVFY) (6o cy5=0 0 5 Sl “;{L\b)

XYEXNN ONY (ol sl 9 (s )laxo ale dy o id a0

s_B\.\_Ql_au,uLo.l_m ul.a_m))%w.—?{dé)s)_ﬁdl«))j)ﬂ ‘r';-‘).la» u‘ng_;ﬁso [ ea—y ..\_.w)‘ ‘é_,..:L..Mn)

5 aabip bl ) a5 adlia ol #

ezl 058 oly s a>ly oMl ol3T ol zils o Jol odinngs lotaly a a S sl o € loals sLad o aib dayges o aS gl

S ANYYNAY - PY coals
o.rahaei@sru.ac.ir S ;i SIN Cany




vee 38 A & 41 31 ol g (Slas 19915 JS18 (5190 32 (58S 20!

PN-TYP Olxio /1 0 o . 1F 0490 . \FeY yluwli g le

Ol @SVl dag il cadgn Dol g (S
zge a5 0k de e ooz (s S Glyo
s 5 (8IS A3 LU slas LIS i als
1y 5] b yn ialS Ll g 05 ol g llas sloo

Sl asls JLw

SNl sl yiagh ol plsdl 5l Baa 13

sles B! oS g lae ay J b Gles L >
Slea o> w1y 5 5, laglS calize LL
9y S—= 3l e rSe e Gk jla S el S S

5 S)lors sloyrio jo a3l 5 g dsed S
g aalyS pody Bl g5l S 5

O 25 ca lises ol B"Sod 5 loas :.‘5_; — (590
5 =gl Bl VAY e ans , Sl o a T 020

Burgess, 1995;) ool o0y 4585 wiige 4o}
L5l glya s> 5l _al5T (ACGIH, 2011
Wl Azl 0B Lds awas a s glalass o
&5l Bymaan g 2l (glsm iS5 Sal]
Cwl & e 4505 (Amidpoor, 2009) lesl
g (S GLdd A (g Sl (0,5 )l
dgtd 9 b dged R Bu 9o 4 05 3 4 guae
ol a8 (Sl dgs 09D o0 el (S
ol s 5 53 b g 3l 4y lea ol
09—t sk dstd 45 o el Sl
S5 S o g Sl slaolfiws 1 585 0,
Reshnotalai) s, 5 o &y9oly o o sged L b
g Gl ay xdoa gy (etal., 2013
LS oS e ool ol b sLmg s 5| Sl
Oilwl (Ao lyo ciS 3p o sl g2 L >
S e 5l B s pals g s (Sl
3929 (b amstd Sl (bl S e (59,5 50
Sor=5 99 ol Sl s 5 (Sl g el ol
o= L ol e 3Ll loson jo by Voons 55
slpleatln ) ol Sy (59,0 ol JLid d92
ol st a8 (o el wbline gangs L
el oSl a8 b Sy sy Ly glaplezsl 4
b g dapleislo lesz g JSb (bl
At g slaihie S5 anse ly—e 4 OlsS e )
aibaie S ply—e 4 |) pledl J5 el
1 Gl iy g 5 bgle MlS g 0 i
ladihie sz angs 45 (b 0w S e B0
SBeS e 1) pletl y3 1o Loz slassl
aibie sz e | Gl g) ol 5l g sl
ol ;o as bl jo.(Rahaei, 2019) oS o g
3ok ggdae aged (ol LS L g 09050 (55,
Hassa-) o5 S 5 L =3l b ages L
ages sla g, 5l eola il 059, ! (Naetal., 2007
S 983k 29 o0 4oy pletlw o (rnlo
by b as el pless b olie (1 fege

dodlo

G b aS Sl 65,5l Sl slas s (s laals
4S5 Sl 5l (o 98 5)0915 9 Sl 59 gl
slpolslyz 5l g ailee Siysrm O 5o o5 slaaiss
Masoudi,) sg— o esliiwl ands 0T 2slin g 03l
ek dnsed an by e sl (Sle5k 50 (2004
Sg—s o Las—ive LB (6 5,mals gl ool il 5 )5
Sl 58 yete Slining 5 Slalllas ) 65l a5
Lol s (659 ol sl 3l 5 9 Lo oS Logal
S 5 (s dsss 45l ol s ol JS
ol slos IS g ol 0429 Lo, logs Ao
Glod sz S o sl dly o i liies LLES 4o
i wanloszg eyl g CSleS 8
S Loy Ly Lo 5 ol Lapls g LLES
Y S (oo 508 sloapls 4 S (55
Py—a ;S sadiw 3wl a5 o ul S 4,
S5 Sl sbedgw 21 slso (anen Glie
ool 8IS ST 5 03l (gly S5 g Lol e los
O L2g8 (ol o laibul slos yioren 0l o
5 ot dn i aS Cwl pugdu a0 YO LSO
Wil e 3 VO Lo =10 5l asiley co sl ol
Ay md dn Lo logls ool sles SIS Ll
4, (Reshnotalai et al., 2013) sy & o5 4ogs
osla_wl o J2lo slad slos M jials o laie
EN-) o9 salss 051 gorlas ange slapimnew ||
5L Ll .ergy Information Administration, 1995
ovg—wte Al glad o wal sles S o
Mot g 09— plo s Gl ez ge wlyi oo 45 Cul
il O s Slea slmosios Sop a S lapls
sl S Lasls plwa s Jb 000,65 o0 boyu
DS o Jerd g0l

ezl o aial5 o 3Kl Sy xaebs gt

als o n Fe U ] ezt lin Sy (65,00 Gy
L.l .(Energy Consumption Guide 19, 1993) s_as
Sl o)ls (gou e OMS s § Cned JLsd aiion
iy Wl oo (S S SAmstd S (S 15
adsloe L aS aw) o i 4 (Rahaei, 2013) o5
g3l S 5 g (6 )lane yolic o JIS sl o
Lapls 650 las calises bLis o1, o3¥ _sloan
g an (Vi) vt Sz 90 5l JS N (gl slas
gl bl b ay azg b Laels codlos )5 late 4y

0"

LI BRaN |

c

l 4

(S -

[y

[ 1]
b

I’

23

I

\o
(73




99

1

9

ay
) J
q

N
2 9

&)

s

FIN—PYS colonieo /1 03k 1F 0593 1Fo¥ il g et

09002 5360 6By duol

aadoV Jaslaido bl jased 8o wed
Sadrnia,) s, .5 o &y90 ai s )l S Lg g
B S el ] e nnl il 4S5 g (2008
P o=bleo gl gylals JSls glad ages
oo Sy dy dioan 5 clgiSy ol bla ol
ols sladly w4y 99,9 slso (Bagheri, 2013) o_ib
Sl S (o9 Sloa 5l U Ol A b
IS oaels Sy g sl aie Lt G o L
Sloo xS i INY ;2 ol (lim a5 00 09>y
e (Sl PIB dga> pSTen L aiids o 29>
DS oo 50 l5m 3959 0 ) oy Ly ;0 @ e
O S—is g lgo Lo > olsl eel o (0
Sadrnia,) ss—i oo SLsgel 55 o dgs ials ¢ s
s> am il e ol Al Ly (g ,l0¢ (2008
s slagog,s l s anllsn plos 09 b ayses
b b S 0 Glgm aien 03,5 0
S ISE e D9 3 Slop cmtd by il o
A alwleml slasdg,s 0 g Lao,ax LaS ol
N ‘OLL:.A Eels O—.'.‘ A_.L@ ul_»):- @S Ceomw
OB 0y ciprd 0y Shas 5 SLdgol odgh e oy

(Bagheri, 2013) 55 % o

5o il g —ipgh ,0 (2016) 0 Slae
Sleslai ol o WKt aoldlan 535 4 ps 0>
aloyols o gedas a gy SUG slapi
A (ol A gps (o slaghy (gal P g
Sl aals o‘)_o& 4_:)_».1 ‘) Lg))—" 6yl_> d)_»a.n 9
o5 e g 4y 28 (Abdulkareem, 2016: 662-674)
4505 CFD g5l oe an Ly —2agh ,0(2017)
‘5‘5_Q 05_~45 J_:éyo; O ‘@95_,“ LgL.aB ).) (;su.».lo
‘_g)Lo.‘.) K9y — s_JJ_MmU sH?‘Q (5L»A5 )o f"'ll_“)
as ol kb@o)owswd 4»)).))_..:;4_:1(.‘-
‘_gl.ﬁp.»_m.»...u ) 4_:5)@ oolaz_l )| ‘rwb g.,\_».bas UA‘
Ol jmlotie 5l (3l 0391, )3 ol dses
bSOy = b s a9yl !
Fakh-) ool o Job ol sl a4 w.st‘ asl|
(riah et al., 2017: 1-16

L gy 50 (2019) il Ken 5 g>cole
b agd lensl) o bl co s JUR SN
Ao,S ez €0l o aadbgs leiSlw wx o
Lagl 55 e (50Kt 53 Spsf ks g5 0
5 neels gt el 5 15 ol 555 g
vy A4S gilwand m oLl L1385 o ales
L35 Slwls aS aes oo oylid ool plsil CFD
b Glyo ol > S ot Al ooz ge
Saadatjoo et al., 2019: 2394-) 55 i o0 A5l
Glyo cas (2011) ol Sen 5 L5 (2827
L e e S e
Dools S8 ) g (g0 g, S L (glany
(sthie b O e jo aS ol il sodss

(Shetabivash, 2015) .>)|o J=1s slea ul—')’ 651”

) ‘_gl_a‘_g)‘\)slf )‘ rt.blﬂ ;,_3)»5‘ 5o
Jolge ;36 4y cos Jlals T (72+) oo
& )‘ ©dg— tho) r’a.:.?u 00uS Axi—o
Sl ui.o.o er..:m XS Axi—no J—A‘?.C )_>‘ w_ﬁls
S pdo 0gD g L2l > o |) ‘_g‘oé).’i_wf ‘-")—"""’
oo (Rezaei etal., 2022) o5 Gl g 1ol
ASL“’&S)‘QBL? o Ve o ‘l_a»,nlo g>—.’.L")§ L;Lmuw.: [
o ‘_g)l\)slf \'Y 9 Ja_.uj_uo 03, 4O d)bﬁlf V'Y “7:5_5 00,
—b 5 sis (Mohebi, 2013) usg ol 00,
S il S dplia slms lons 00iiS datane sl
Karimi et) ss3 o ol oo bl ase5 oy
it Grmas ployer 9 000 Y | (0SS Lol
L as0e5 (McDowell, 1974) s ns o jialS 551,
‘_gl_mL;)LM )9)4 )‘ sol§_5l> o ML».A ‘5‘5_03 ul_a):>
(Dale & Brody, 1954) oS o 5 ,—Sol> —wiis
i s |y ol bl gLl iz LaolS, L
(Mohebi, 2011) s5g— a gl o, Slae

sy Az ol d —wgd 50 (2006) Lol
Ol 00 S Sgaze ailge Lo s loglS iy o aS
OF—aS1 g 00,5 By bp (eS| 5ol g lg2 9o
(Asadian, 2006) ss—i o el Lapls gl 815
a5k g 009 (Vb L g g S50 el o
Nouriy s ls 5L sols oSt odl o 4y anb
sl > Ls_>|).|a Ie «5—15 ye—b 4 (etal., 2021
9 olio Sl d 905 (poli Aliie Gl B0
Loy ,o J3Is slgo o > (Rahmati et al., 2021
Chle-) cul el Al slad 5l ] ;35 og i
o lea > Jdos gl 5y, 9o (la et al., 2009
Sl 5 (o2 gy )18 992y leiSlw
(Loomans & Mook, 1995) sou_c

s yliel o late 4y (1985) il Sen g gl
Ol (e (6l ymy 4Bl dngi (6, Ja8 Yol
slas,Sojlal  —aSogs 3l 0 e Aoy
BB isleyl ooy J S byl )i oo l) Glos 8
a>t ‘L_s_..,l_> O o a b ul)_..'l_, Jelisa s
5 s g )0 A (i Sag0 ailas
)_..a_..l...a\’& )o)_..o...l...a\/a o)\..\_>| l_u — el w
5 —=b adsed (g g8 Hlaslw S o b o
(Down et al., 1985) o_ss,5 |, =

A S Lag g sloo Sl (age J—os o
alel gy g Al ( Llas & g0 a1 S5 an

CI/’ y -y




vee 38 A0 & 41 31 ol s (SLas 519915 S 18 (51s0 3l 2 (5SI 2ol

PN-TYP Olxio /1 0 o . 1F 0490 . \FeY yluwli g le

ooy alosl Fluent l5-sle 3 51 ool ol Ly Lo Lloxs

Ol wsliiel g Gyl pladil g,
ol Ay Ly 5o ol ol i,
Sl yely 5 035 (S 5 9y S 10l it ol
501 62550 gl g il (25 G
G ol 50 (o2 95900 )l el i lel oo
6950 ddged .alais 5 )08 oolaiwl 0 50 0 ) o8l
Sy oad b (g )0gl8 S s reghy ol
s st gollas ceul suis >,k o8 W1, YO-
s ds—w «municipality, 2018; Sadrnia, 2008
e h el )l g e (B e 5 Jobo) BT e slnl 4y
90 0 aS b aud,S b oan o b i wlg
305 Cgz) ye V¥ S )i lovcsyo o] sk B, b
19925 S L ((Hob 655 70 home 50 95 5 (ile
S lep dzmy d A b ad S b s Jeb (655 6
L9050 VO 51,05 50 e VO glas )l 4 Sgel o
05 50 e Vgl e (Hgalr sl 55 5
S Laocs a3 a0 (i ,)) Lalers (6
(el slpo iy 9 ©9) g3l (o9 i
L2odiSe g Loodied oo g iSo oyl &, a5 g
(st lpdz o 0 g el slacialae jo
Gol—was LgL_.mQyo)'] g (G0 sl alll>
o 5l bcaiw a5 cewl [ S3an pY ase S (5,8
B 5 pet 9 i b b S5k gl
Cewlxs a2l iz Il los gaio b a8 S
b 28 (Ol slas gl

E

AN
% &

(.

~ = W
i sl,
QE o ey 09157
el e iy e, P

QY

Fig. 1. Situation of placement of a sample cattle farm;
Top: Site plan and its details, Bottom: Perspective of
cattle breeding
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Fig. 2. The plan of the cattle farm under investigation;
Top: Ground floor plan and livestock accommodation,
Bottom: Roof plan of cattle breeding
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Table 1. Simulation of different conditions to the test (Mode A) in the longitudinal section of the case study

Status Description of the situation Velocity contours (top) and velocity
number vectors (middle) in meters per second
and air temperature contours (bottom)
in Kelvin
1 In this case, open roof vents, open shed

doors, and open windows under the roof

Akl
were assumed. The door and valve on =

one side (right), in the role of a sucker, Airspeed contours
sucks the air inside at a speed of 3 —— — — -
meters per second. .

Air velocity vectors

2 It is the same as situation 1, only the BTy

roof vents are closed. [ e e e Y

Airspeed contours

A e

Air velocity vectors

3 It is the same as situation 2, but the
windows under the roof are closed on
both sides and it is only possible to enter

and suck through the doors. Air velocity vect'ors

4 It is the same as situation 2, with the
difference that the energy equation is ;—1 - - {
activated and the temperature effect is e -

also seen: the outside temperature is Airspeed contours
assumed to be 310 degrees Kelvin and |
the inlet wind temperature is 296
degrees Kelvin. The suction is the same
as position 2 on the right side, and the
windows on the left side only have
temperature settings. Also, the presence
of cows was seen in the livestock farm
and they were considered as small
rectangles at the floor level (according
to the figure). The body temperature of
the cows and the temperature of the
walls is 310 degrees Kelvin (outside
isothermal) and its heating power is
assumed to be 100 watts according to
the standards.

5 This state is exactly like state 4 and only
the top valve (under the roof) on the
right side is assumed as a blower that

throws air in at a speed of 3 meters per
second and a temperature of 296 degrees
Kelvin (23 degrees Celsius). The body : ‘ :
temperature of the cows and the - ’
temperature of the walls are assumed to
be 310 degrees Kelvin and its heating
power is assumed to be 100 watts.

i | i

Air velocity vectors

Air temperature contours

———
T .

Airspeed contours

Air velocity vectors

Results

As can be seen in the pictures, the speed
of the air flow reaches its maximum near
the suction, at the level of the cows there
is a relatively favorable air flow and the
outside air enters the hall uncontrolled
through the ceiling vents and the window
under the left roof. Images are taken out
through the suction cups on the right.
There is not much pressure difference, but
due to unplanned and uncontrolled entry
of outside air, it will not be approved.

In this case, there is a turbulent flow in
the level of the cows, which flows
alternately from left to right. This model
is used in most cattle farms, which is not
desirable. The flow under the roof is in
the form of a vortex, and hot air and bad
smells accumulate there.

In this case, the quality of the stream does
not change significantly compared to the
previous state. Only its confusion
increases and the air stored under the roof
increases.

According to the pictures (general
temperature distribution), the air
temperature among the cows on the right
side of the shed has increased, but the
conditions are tolerable. The left side of
the shed, where cool air is distributed, is
cold and the animals may not feel
comfortable. However, similar to this
method is done in some farms, which is
not very desirable.

The simulations showed that if the
thermal power of the walls and traps is
assumed to be close to zero, there is no

difference in the graphs and the
temperature reaches the equilibrium state.

In this case, despite the fact that a cooling
blower was added on the right side, it did
not have an effect on the interior air
conditions, and it may have worsened,
and the turbulence of the interior air flow
has increased. If, as before, the thermal
power of walls and traps is assumed to be
zero, there will not be much difference in
the structure of temperature distribution.
Only a little bit the air inside becomes
cooler at the level of the animal, which is
not very noticeable

6 This state is exactly like state 4 and only
the top valve (under the roof) on the
right side is assumed to be closed. The
body temperature of the cows and the
temperature of the walls are assumed to
be 310 degrees Kelvin and its heating
power is assumed to be 100 watts.

Airspeed contours

Air velocity vectors

|
L e E——

Air temperature contours

In this case, by removing a blower or
suction valve, the level of cooler air is
slightly lower and it seems that the
animals are in a better condition. The air
is slightly more turbulent near the suction.

If the thermal power of the vents and
walls is assumed to be close to zero, there
will be no change in the flow pattern and

only a very small amount of air
temperature will decrease at the vent
level.
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Table 1. Simulation of different conditions to the test (Mode A) in the longitudinal section of the case study

as mode 7, with the difference that the
upper left valve, the blower with a
temperature of 296 degrees Kelvin, and
the lower right valve are assumed to be
the suction. The lower left valve is an
open valve that acts as a pressure outlet
and adjusts the internal pressure. It
should be noted that the heating power
of livestock is assumed to be 100 to 150
watts.

Airspeed contours

Air velocity vectors

Roof hatch

e ———

S o T DG |

5.

Air temperature contours

Status Description of the situation Velocity contours (top) and velocity Results
number vectors (middle) in meters per second
and air temperature contours (bottom)
in Kelvin
7 These conditions are assumed to be the —— —y In this case, according to the pictures, the
same as condition 4, only instead of the E- == \..‘-..—n.._!\\‘i air turbulence is very high and the air
suction on the right side, the openings ——mk’_ temperature difference on the left and
on the left side are assumed to blow the Airspeed contours right side of the shed is large, so that the
wind with a temperature of 296 degrees animals on the left side, which are
Kelvin and a speed of 3 meters per 3 : exposed to cold air, are likely to get cold,
second to the interior space..The roof Air velocity vectors gnd.the initial wind speed on the left siQe
vents are closed and the openings on the is high. It has been and the whole flow is
right side act as pressure outlets: the chaotic. In this case, the heating power of
door and window are assumed to be - livestock is considered to be 100 to 150
open. Air temperature contours watts. If the mentioned heating power
becomes zero, the temperature of the
environment at the level of the animals
will be slightly lower, which can be
ignored.
8 All settings are assumed to be the same Regardless of the energy consumption,

the ambient temperature reaches a
balance in this situation and the indoor air
is relatively uniformly cool. The air
disturbance was at the level of the animal,
which is normal. The air pressure is
favorable and relatively balanced. The
problem is the relatively high energy
consumption due to the operation of all
air inlet and outlet valves.

In a situation where the heating capacity
of animals is assumed to be close to zero,
almost no changes occur in the air flow
diagrams inside

Table 2 in Kelvin
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Table 2 in meters per second

Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

a suction role that sucks air
out of the shed at a speed of
3 meters per second, and the
rest of the valves are
assumed to be open. In this
case, the energy equation is
not active and only the
shape of the air flow inside
is considered.

/ |

Airspeed contours

Air velocity vectors

Status Description of the Velocity contours (top) and velocity vectors Results
number situation (middle) in meters per second and air temperature
contours (bottom) in Kelvin
1 The valves on the right have According to the pictures, there is an

uncontrolled and constant air flow inside

the shed, and despite all the openings in

the middle of the shed being open, the air
flow is stagnant, which causes the

accumulation of unpleasant odors and

stagnant air in that area. However, due to

the lack of establishment of this air mass

at the level of employees and animals, it
does not have much effect on the
comfort conditions of animals and

people.
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Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

Status
number

Description of the
situation

2 In this situation, which is
somewhat similar to
situation 1, the energy
equation is activated, the
outside temperature is
assumed to be 310 degrees
Kelvin, the upper left
window is closed, and the
lower left window provides
a temperature of 300
degrees Kelvin (pressure
outlet). The assumed open
roof opening (pressure
outlet) and the openings on
the right side are sucking
(velocity inlet) and throw
the wind out at a speed of 3
meters per second..

3 This state, whose cross-
section is similar to state 1,
the energy equation is
activated, the ambient
temperature is assumed to
be 310 degrees Kelvin, the
upper left and lower right
windows are closed, the
lower left window provides
a temperature of 300
degrees Kelvin and acts as a
valve. Air supply (no
suction or blowing) is
assumed (pressure outlet).
The upper right window
acts as a sucker that sucks
the air out at a speed of 3
meters per second. Except
for the lower left air supply
valve, all other openings are
at ambient temperature.

Velocity contours (top) and velocity vectors
(middle) in meters per second and air temperature

-

&—‘)

contours (bottom) in Kelvin

“—

Airspeed contours

Air velocity vectors

Air temperature contours

Airspeed contours

Air velocity vectors

Air temperature contours

Results

The pictures show that there is a
balanced flow at the level of the animals,
and at the same time, the optimal
temperature is also established at the
level below 3 meters, which is the main
need of animal husbandry. Regardless of
the energy consumption, which seems to
be high, there is a favorable flow

Energy consumption in this situation is
lower than situation 2 due to the removal
of one of the suckers. The level of the
desired air flow is slightly higher
compared to situation 2, and of course
the air temperature of the people and
animals is still pleasant, although there is
a slight disturbance in the air flow inside.
The air pressure is favorable and the
accumulation of hot air is placed under
the roof of the suction side.

4 This state is exactly like
state 3 and only the roof
hatch is closed.

Airspeed contours

Air velocity vectors

o

Air temperature contours

Although there is apparently a better
temperature balance and because the roof
vent is closed, less energy loss occurs,
but the air flow inside is constantly
rotating in the form of an air vortex at
the level above 3 meters, and the
polluted air accumulates in the upper
half of the shed, which causes the
remaining Polluted air and unpleasant
smell in the interior. However, the
energy consumption in this state is less
and the air balance for animals and
humans is favorable and suitable. The
pictures confirm this.
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Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

Status Description of the Velocity contours (top) and velocity vectors Results
number situation (middle) in meters per second and air temperature
contours (bottom) in Kelvin
5 In this situation, which is In this case, despite the fact that by using
the same as situation 4, the more energy, we try to cool and supply
ceiling valve is assumed as more favorable air, and the cool air is
a sucker that throws air out supplied from both the right and left
at a speed of 3 meters per sides of the animals, a favorable flow
second. Both the lower does not occur in the interior space, the
openings (right and left) are . disturbance of the air flow inside is high
assumed to supply cool air Alirspeed contours and The air temperature inside also
inside (pressure outlet) and increases, contrary to what it seems. This
do not have fans. That model consumes more energy and
means they are neither creates a turbulent internal flow. Its only
sucking nor blowing. The advantage is the non-accumulation of
upper openings are also polluted air under the roof, which is not
assumed to be closed. recommended due to its disadvantages.
The pictures confirm this.
Air velocity vectors
6 Animals (cows) have been In this case, the disturbance of the
added to the indoor internal air flow is very noticeable in the
environment with a thermal position of the animals, which is of
power of 200 watts and a course normal. The favorable air level
heat of 310 degrees Kelvin. has risen and the air level for animals is
Assumptions: the ambient warmer. Accumulation of pollution does
tempe.rature is 310 degrees Airspeed contours not happen ungier the roof, and instead,
Kelvin, the roof vent and & due to the creation of a vortex flow at the
the openings under the roof level of the animals, the accumulation of
of the shed, closed and the polluted air at the level of the animals is
lower left opening, as a noticeable. In general, this model can be
suitable air supply valve favorable in terms of relatively favorable
that provides air with a temperature flow.
temperature of 300 degrees it e ot T T
Kelvin. The valve on the y
lower right side is the s o
suction, which is the same B
temperature as the r -
environment and throws the I" e ‘
air out at a speed of 3 [ 1§ g
meters per second. = =t
Air temperature contours
7 This situation is similar to Due to the presence of animals, the air

situation 5 of this section,
only cattle were added to it
according to the pictures:
like situation 6, cows with
thermal power of 200 watts
and heat of 310 degrees
Kelvin are assumed in the
environment (4 cows across
the shed). The lower air
supply valves provide a
temperature of 300 degrees
Kelvin, and the ceiling
valve has the role of a
sucker, which is the
temperature of the outside
environment.

Airspeed contours

Air velocity vectors

Air temperature contours

turbulence is reduced and the shape of
the air flow inside is completely changed
compared to situation 5. Due to the
presence of animals, the desired air level
is higher and although the air disturbance
is reduced, however, due to the change in
the air movement model in this case, the
middle part of the shed is not ventilated
and the air accumulates there. In
addition, energy consumption is also
high in this mode. The pictures below
confirm this.
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Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

Status Description of the Velocity contours (top) and velocity vectors Results
number situation (middle) in meters per second and air temperature
contours (bottom) in Kelvin

8 It is exactly the same - As the pictures show, the internal air
situation as 7, with the ¥ flow has been modified in a strange way
difference that there are and despite the traps, the turbulence of
conditions to lower the the internal air flow has been greatly

desired air to the level of reduced, the internal temperature is more
the animal and practically favorable and the comfort conditions

eliminate the air vortlges Airspeed contours hgve be."en provided. With _the removal of
under the roof. In this " air vortices, the accumulation of polluted

situation, this goal is air and unpleasant odor under the roof
achieved by creating a floor has practically disappeared. The pictures
(for example, an office or below confirm this.

fodder warehouse) or a full
space under the roof, as
shown in the pictures

below. I
Air velocity vectors
H N
Air temperature contours
9 This state is actually a In this case, there is a more favorable

-
modified form of state 8, (W) flow at the level of the animal, but the
while the energy equation is i main problem is the accumulation of air
not activated and the goal is in the empty spaces adjacent to the side
to analyze the motion of the walls under the roof. However, the shape
internal fluid. The ceiling of the air flow inside is such that it can

vent plays the role of a Airspeed contours empty the polluted air under the roof
sucker and throws the inside 4 through the central suction. The fact that
air out at a speed of 3 i the wall openings are open will cause a
meters per second, and the : better discharge of polluted air and its
rest of the openings (the 4 non-stasis in the interior space, but it will
lower and upper openings ! increase energy consumption to stabilize
of the side walls are all | ! the desired air in the interior space.
open) have the task of - - Therefore, a solution should be found to
supplying air (pressure [ reduce consumption. cC G
outlet). Air velocity vectors 1
10 This state is exactly like - In this case, according to the pictures, the Ly
state 9 (previous) with the desired flow of livestock is slightly G R
difference that the side disturbed, which can be ignored, but we (v b
windows under the roof are will have the accumulation of pollution
closed in the side walls and under the ceiling in the empty space near P
only the lower openings the side walls.
provide the desired air. Airspeed contours
it
w .
(S =
[
b
[ !
\o
[
Air velocity vectors
11 Considering that position 9 According to the pictures below, the air

provides better conditions,
the energy equation was
activated for it, and in order
to reduce energy
consumption, the upper
openings of the side walls Airspeed contours
are only responsible for
supplying air from the
outside, and the lower
openings provide fresh air. : \
Thus, a temperature of 310 |
degrees Kelvin and a power {
of 200 watts were
considered for the body of [ ] }
cows, the upper supply T
valves were considered to Air velocity vectors
be the same temperature as
the outside environment
(310 degrees Kelvin) and
the lower supply valves
were considered as cooling
with a temperature of 300
degrees Kelvin.

comfortable and the incoming air from
the upper wall openings (under the roof)
discharges unpleasant odors.

' temperature at the level of the animals is

Air temperature contours
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Table 2. Simulation of different states of the test (Mode B) in the cross section of the case study

Status Description of the Velocity contours (top) and velocity vectors Results
number situation (middle) in meters per second and air temperature
contours (bottom) in Kelvin
12 If the upper openings of the There is thermal balance and comfort

side walls are assumed to be
closed in the section of
situation 11, the shape of
the air flow inside will be as
shown in the pictures.

-

Airspeed contours

conditions at the livestock level, energy
consumption is less compared to the
previous situations and only part of the
air is trapped under the roof next to the
side walls in the form of eddy currents,
which has no effect on the comfort
conditions. In terms of energy
consumption and providing comfort
conditions at the same time, this mode is
optimal. However, regardless of energy
consumption, position 11 is a better
option and there is a more effective flow
in the interior space.

Air velocity vectors
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