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BACKGROUND AND OBJECTIVES: Observations show that most of the cattle barns built 
in Iran are in the form of sheds, and during their design phase, limited consideration 

is given to ventilation conditions, despite the significant need for it, as well as the air 
circulation patterns within the barns. This oversight leads to numerous issues in the field, 
with the well-being of the animals subsequently affected. The main goal of the article 
is to improve the ventilation of in cattle barns, through architecture, in such a way that 
the optimal and uniform air flow is established throughout the environment, at the level 
where animals live. According to the nature of the subject, the current research is an 
interdisciplinary research and a hybrid research method is applied using experimental 
research strategies, simulation and case study. In the first stage, after identifying the 
statistical population (cattle barns in the cold region), their current situation was 
investigated empirically, and after scrutinizing the problem and finding the research 
variables, the initial plan (case sample) was proposed and modeled. The desired model was 
first meshed with Gambit, subsequently undergoing simulation via the FLUENT software 
employing the CFD methodology. Adjustments were introduced to its architectural design, 
followed by the analysis and formulation of conclusions. The results show that, by making 
minimal architectural changes to the barn and the openings, it is feasible to enhance the 
airflow pattern within it. This can effectively establish internal air circulation, diminish 
temperature disparities among various barn sections, minimize temperature fluctuations, 
and lower energy consumption. 

METHODS: Considering its interdisciplinary nature, the research employs a hybrid 
approach that combines experimental research, simulation, and case study 

strategies. The research encompasses all cattle barns in cold climates as the statistical 
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 
layout 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 
utilizes numerical simulation, specifically in the case of a Salmas city cattle barn, validated 
previously through Olsen’s experimental methods (Rahaei, 2014, 2013). The validation 
of this method is well-established and is based on Nagano’s (1990) validated technique, 
utilizing a zero-equation method and model. The numerical calculations are conducted 
using the computational fluid dynamics method, employing the Gambit preprocessor for 
meshing and Fluent software for network analysis.

FINDINGS: Considering the research goal of enhancing airflow and subsequently 
ventilation in cattle barns in climates similar to Salmas city (the cold climate), various 

scenarios of a common case study were examined in a two-dimensional manner. Initially, 
longitudinal sections were analyzed, followed by transverse sections of the cattle barn. In 
all scenarios, the energy equation was activated. The optimal condition involves a smooth 
and 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, 
proper dehumidification is achieved with the assistance of mist sprinklers. Minimal energy 
is drawn from the lower part of the area occupied by the animals and is expelled through 
the roof opening.

CONCLUSION: 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 
avoided.
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 
the main floor level, equipped with both hot and cold water supply, at one side of the barn. 
Simultaneously, a suction device (jet fan) should be installed at floor level on the opposite 
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 
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 
colder seasons.
3. If it is possible to change the interior space of the cattle barn, lateral ventilation is 
suggested from both sides.
4. In general, transverse ventilation with a roof valve is more efficient than ventilation 
along the cattle barn.

HIGHLIGHTS:
- Position of openings and blowers and suckers in the inner architecture of Salmas city 
dairy farms with the aim of improving the ventilating condition.
- Combined research method (Experimental observations, simulation and case study); 
using Gambit and Fluent softwares for simulations with CFD method: intervention in 
simulations.
- Unifying the indoor airflow inside the sheds by making limited interventions in the 
architecture.
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- روش تحقيـق ترکيبـی )مشـاهدات تجربـی، شبيه سـازی و پژوهـش موردی(؛ شبيه سـازی بـا اسـتفاده از نرم افزارهای گمبيت 
و فلوئنـت و بـا روش CFD و مداخلـه در شبيه سـازی ها.

- یکنواخت سازی جریان هوای داخل سوله ها با انجام مداخلات محدود در معماری.

نحوه ارجاع به مقاله

* ایــن مقالــه برگرفتــه از پایان نامــه کارشناســی ارشــد نویســنده دوم بــا عنــوان »طراحــی مرکــز دامپــروری بخــش شهرســتان ســلماس بــا هــدف 
ارتقــای کيفيــت تهویــه طبيعــی در فضــای دامــداری« می باشــد کــه بــه راهنمایــی نویســنده اول در دانشــگاه آزاد اســلامی واحــد ســوادکوه انجــام 

گرفتــه اســت.

رهایــی، امیــد و بره یــون، مهــری. )1402(. اصــاح الگــوی جریــان هــوای داخــل گاوداری هــای شــهر ســلماس از طریــق مداخلــه در معمــاری بــا هــدف بهبــود وضعیــت 
تهویــه، نشــریه علمــی معمــاری و شهرســازی ایــران، 14)1(، 326-311.

ــه صــورت ســوله  ــران ب مشــاهدات نشــان می دهنــد کــه عمــده ی گاوداری هــای ســاخته شــده در ای
ــراوان( و  ــاز ف ــا وجــود ني ــه )ب ــه وضعيــت تهوی ــوده و در فراینــد طراحــی آن هــا، چنــدان توجهــی ب ب
الگــوی گــردش جریــان هــوای داخــل ســوله هــا نمی شــود و ایــن امــر مشــکلات فراوانــی در زمينــه 
آســایش دام هــا بدنبــال خواهــد داشــت. هــدف اصلــی مقالــه، بهبــود وضعيــت تهویــه داخلی ســوله های 
ــی در  ــوب و یکنواخت ــوای مطل ــان ه ــه جری ــوی ک ــه نح ــت ب ــاری اس ــق معم ــداری گاو، از طری نگه
سراســر محيـــ گاوداری در تــراز دام هــا برقــرار شــود. بــا توجــه بــه ماهيــت موضــوع، پژوهــش حاضــر 
ــق  ــای تحقي ــت و راهبرده ــی اس ــق آن ترکيب ــوده و روش تحقي ــته ای ب ــان رش ــش مي ــک پژوه ی
ــس  ــه اول پ ــد. در مرحل ــرار می ده ــتفاده ق ــورد اس ــوردی را م ــش م ــازی و پژوه ــی، شبيه س تجرب
از مشــخص شــدن جامعــه آمــاری )گاوداری هــای منطقــه ســرد(، وضعيــت موجــود آن هــا بــه صــورت 
تجربــی مــورد بررســی قــرار گرفــت و پــس از اثبــات مســئله و یافتــن متغيرهــای تحقيــق، اقــدام بــه 
ــا پيــش  ــدا ب ــوردی( و مــدل نمــودن آن شــد. مــدل موردنظــر، ابت ــه م ــه )نمون پيشــنهاد طــرح اولي
 )Fluent( ــت ــزار فلوئن ــتفاده از نرم اف ــا اس ــپس ب ــبکه بندی و س ــت )Gambit( ش ــگر گامبي پردازش
ــدام  ــت و ســپس اق ــاری آن صــورت گرف ــی در معم ــد و مداخلات ــه روش CFD شبيه ســازی گردی ب
ــاری  ــی مختصــر در معم ــا مداخلات ــه ب ــد ک ــج نشــان می دهن ــری شــد. نتای ــل و نتيجه گي ــه تحلي ب
ســوله و موقعيــت بازشــوها، می تــوان الگــوی جریــان هــوای داخــل آن را چنــان بهبــود داد تــا ضمــن 
برقــراری موثــر جریــان هــوای داخلــی و کاهــش اختــلاف دمــای ميــان نقــاط مختلــف ســوله و نيــز 

کاهــش نوســانات دمایــی، مصــرف انــرژی را نيــز کاهــش داد.
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مقدمهمقدمه
دامــداری شــاخه ای از کشــاورزی اســت کــه بــا پــرورش 
ــه  ــت ک ــروری اس ــی دامپ ــروکار دارد و گاوداری نوع دام س
ــای  ــد و از چراگاه ه ــرورش ميابن ــای گاوی در آن پ گونه ه
 Masoudi,( ــع آب طبيعــی اســتفاده می شــود ــازه و مناب ت
ــی  ــه طبيع ــه تهوی ــوط ب ــات مرب ــی ادبي 2004(. در بازخوان
ــود  ــخص می ش ــا، مش ــرای دامپروری ه ــتفاده ب ــورد اس م
کــه بســياری از مطالعــات و تحقيقــات متمرکــز بــر انتشــار 
ــا  ــتند. ام ــروری هس ــای دامپ ــو از بن ــان و ب ــاک، مت آموني
مشــکل اساســی، ایــن اســت کــه تهویــه موثــری در فضــای 
ــاد  ــای زی ــدارد و اختــلاف دم ــی گاوداری هــا  وجــود ن داخل
ــوای  ــان ه ــود  جری ــث می ش ــوله باع ــف س ــاط مختل در نق
ــی  ــذا در برخ ــد، ل ــود آی ــی بوج ــت و غيرهمگن غيریکنواخ
ــيار  ــرمای بس ــا س ــا ی ــاس گرم ــا  احس ــوله، دام ه ــاط س نق
دام هــا ی دیگــر می کننــد. لازم  بــه  نســبت  بيشــتری 
ــوص  ــخصی در خص ــتاندارد مش ــه اس ــت ک ــر اس ــه ذک ب
ــود  ــوله های گاوداری وج ــوای داخــل س ــض ه ــزان تعوی مي
ــی  ــی الزام ــازه و اکســيژن کاف ــوای ت ــا وجــود ه ــدارد، ام ن
ــن  ــا بي ــرای گاوه ــتاندارد ب ــای اس ــن دم می باشــد. همچني
5 تــا 25 درجــه سلســيوس اســت کــه بســته بــه نــوع گاو، 
ــد،  ــر باش ــز متغي ــا 35 ني ــد از 15- ت ــتانه می توان ــن آس ای
ــچ وجــه  ــه هي ــا ب ــاد در گاوداری ه ــای زی ــلاف دم ــا اخت ام
بــه   .)Reshnotalai et al., 2013( نمی شــود  توصيــه 
ــای فضــای داخــل، اســتفاده  ــلاف دم منظــور کاهــش اخت
En� ــود  ــر خواهــد ب ــه مطبــوع ناگزی )از سيســتم های تهوی

ergy Information Adminis tration, 1995(. امــا بــاز 
هــم اختــلاف دمــای شــدید در فضــای داخلــی محســوس 
اســت کــه می توانــد موجــب تلــف شــدن دام شــود و مثــلا 
ــوای ســرد هســتند،  ــای ه ــک دمنده ه ــه نزدی ــی ک دام ها ی
ــای  ــا  گرم ــایر دام ه ــه س ــی ک ــد در حال ــرما می خوردن س

ــد.  ــل می کنن ــادی تحم زی
تهویــه طبيعــی یــک جایگزیــن کارآمــد در ســاختمان ها 
ــه  ــی مناســب ب ــه آســایش حرارت ــه منظــور دســت یابی ب ب
هزینــه  می توانــد  و   )Busch, 1992( می آیــد  حســاب 
ــا 40 درصــد کاهــش  ــک ســاختمان را ت ــرژی ی مصــرف ان
ــا  ــد )Energy Consumption Guide 19, 1993(. ام ده
ــرای  ــددی دارد. ب ــکلات متع ــت و مش ــال نيس ــه فع هميش
ــد پيشــنهاد  ــی می توان ــه ی ترکيب ــک تهوی ــع مشــکل، ی رف
شــود )Rahaei, 2013(. بــه نظــر می رســد کــه بــا مداخلــه 
در ســاختار کالبــدی عناصــر معمــاری و ترکيــب بازشــوها 
بتــوان ضمــن اصــلاح الگــوی جریــان هــوای داخــل، 
همدمایــی لازم را در نقــاط مختلــف ســالن نگهــداری دام هــا  
ــمدانه  ــازی هوش ــق یکسان س ــن تحقي ــود آورد. در ای بوج
دمــای هــوای داخــل از دو جهــت مهــم اســت: 1( بــه جهــت 
ــازی آن  ــل گاوداری و یکسان س ــای داخ ــازی دم متعادل س
بــه منظــور ســلامت دام هــا  بــا توجــه بــه شــرایـ آب وهوایی 

اقليــم منطقــه، 2( بــه جهــت کاهــش مصــرف انــرژی. 
ــه  ــت ک ــن اس ــش ای ــن پژوه ــی ای ــش اصل ــذا پرس ل
ــوان فضــای داخــل ســالن گاوداری را طــوری  ــه می ت چگون
طراحــی نمــود کــه بــا اســتفاده از یــک روش تهویــه 

ــان  ترکيبــی و اصــلاح موقعيــت بازشــوها، اولاً الگــوی جری
ــب  ــه موج ــد ک ــود یاب ــان بهب ــالن، چن ــل س ــوای داخ ه
ــن  ــی گاوداری و تامي ــاط داخل ــای نق ــلاف دم ــش اخت کاه
دمــای مطلــوب دام شــود و ثانيــاً کاهــش مصــرف انــرژی را 

ــد؟ ــته باش ــال داش بدنب
ــوی  ــلاح الگ ــش، اص ــن پژوه ــام ای ــدف از انج ــذا ه ل
جریــان هــوای داخــل بــه منظــور کاهــش اختــلاف دمــای 
ــوای  ــان ه ــازی جری ــف گاوداری و یکنواخت س ــاط مختل نق
داخــل اســت کــه از طریــق بهره گيــری از یــک روش 
ــای معمــاری و  ــه در متغيره ــز مداخل ــه و ني ــی تهوی ترکيب

ــود.  ــد ب ــر خواه ــکان پذی ــوها ام ــب بازش ترکي

پیشینه پژوهش پیشینه پژوهش 
مــروری بــر نوشــته ها و تحقيقــات مختلــف نشــان 
ــی در  ــه فراوان ــه 1930 علاق ــر ده ــه در اواخ ــد ک می ده
 Burgess, 1995;( ــد ــد آم ــه پدی ــی تهوی ــه مهندس زمين
ACGIH, 2011(. آگاهــی از جریانــات هــوای داخلــی 
ــل توجــه اســت:  ــل قاب ــه ســه دلي ــای بســته ب  ـه در محي
آســایش حرارتــی، کيفيــت هــوای داخــل و مصــرف انــرژی 
ســاختمان )Amidpoor, 2009(. تهویــه عبــارت اســت 
ــی بصــورت  ــه فضــای داخل ــرون ب ــوای بي ــردن ه از وارد ک
ــه  ــه دو بخــش تهویــه طبيعــی و تهوی عمــدی کــه خــود ب
ــه شــامل  ــه مکانيکــی ک مکانيکــی تقســيم می شــود. تهوی
فــن و دســتگاه های  توســـ  بــه داخــل  رانــدن هــوا 
ــدون  ــی ب ــه طبيع ــه تهوی ــی ک ــت در حال ــاتی اس تاسيس
ــرژی  ــن از دســتگاه های تأسيســاتی و صــرف ان ــره گرفت به
 Reshnotalai( ــرد ــورت می گي ــوا ص ــض ه ــيلی تعوی فس
et al., 2013(. تهویــه طبيعــی بــه جــای سيســتم های 
ــا از  ــد ت ــتفاده می کن ــی اس ــای طبيع ــی از نيروه مکانيک
جریــان هــوا بــرای بهبــود کيفيــت هــوای داخلــی، آســایش 
ــرد.  ــکار بب ــرژی ب ــرف ان ــش مص ــاکنان و کاه ــی س حرارت
ــی وجــود  ــه طبيع ــرای تهوی ــروی محــرک اساســی ب دو ني
ــاد. ایــن دو نيــروی  ــودن حرارتــی و فشــار ب دارد، شــناور ب
محــرک معمــولاً بطــور همزمــان اتفــاق می افتنــد، بــا ایــن 
وجــود فشــار بــاد نيــروی محــرک غالــب در ســاختمان های 
بــا تهویــه ی متقاطــع اســت، در حالــی کــه شــناور حرارتــی 
ــم اســت.  ــه حاک ــک طرف ــه ی ی ــا تهوی در ســاختمان های ب
براســاس شــکل و چيدمــان ســاختمان ها، تهویــه ی طبيعــی 
ــه  ــه ای و تهوی ــک منطق ــه ت ــوان تهوی ــه عن ــوان ب را می ت
ــک  ــه ی ــه منطق ــرد. تهوی ــدی ک ــه ای، طبقه بن چندمنطق
ســاختمان، کل ســاختمان را بــه عنــوان یــک منطقــه 
ــی  ــن های داخل ــدون پارتيش ــوط و ب ــلًا مخل ــرد و کام منف
ــه ای  ــد منطق ــه ی چن ــه تهوی ــی ک ــد، در حال ــرض می کن ف
الگوهــای جریــان هــوا در ســاختمان را غيریکنواخــت 
ــه  ــن منطق ــه چندی ــاختمان را ب ــن رو س ــد و از ای می دان
تقســيم می کنــد )Rahaei, 2019(.در مناطقــی کــه در آن 
ــا کميــاب اســت، تهویــه مطبــوع بایــد  ــرژی محــدود و ی ان
Hassa� ــب شــود  ــا ترکي ــن ی ــی جایگزی ــه طبيع ــا تهوی )ب

ــه  ــای تهوی ــتفاده از روش ه ــروزه اس na et al., 2007(. ام
ــی از  ــو یک ــود. بازش ــه می ش ــاختمان توصي ــی در س طبيع
مهمتریــن عناصــر ســاختمان اســت کــه تأثيــر زیــادی بــر 
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.)Shetabivash, 2015( الگــوی جریــان هــوای داخــل دارد
بررســی  گاوداری هــای  از  قاطعــی  اکثریــت  در 
ــل  ــر عوام ــه تاثي ــبت ب ــدار نس ــی دام ــده )90%( آگاه ش
ــویی  ــوده، از س ــش نب ــی رضایت بخ ــتعدکننده محيط مس
کاهــش اثــر عوامــل مســتعدکننده محيطــی ممکــن اســت 
ــت  ــيوه مدیری ــا و ش ــترده ای را در جایگاه ه ــرات گس تغيي
ــن  ــد )Rezaei et al., 2022(. همچني گاوداری ایجــاب کن
ــه  ــات مقابل ــران در خصــوص شــرایـ و امکان تحقيــق در ای
بــا تنش هــای گرمایــی دام هــا ، در 30 درصــد گاوداری هــای 
مــورد مطالعــه امکانــات و تجهيــزات موثــری بــرای مقابلــه 
ــا تنــش گرمایــی وجــود نداشــت، تنهــا یــک گاوداری در  ب
ـــ و 12 گاوداری در  ــوب، 17 گاوداری در رده متوس رده خ
ــی  ــش گرمای ــد )Mohebi, 2013(. تن ــب بودن رده نامناس
ــه  ــت ک ــک اس ــای متابولي ــتعدکننده بيماری ه ــل مس عام
 Karimi et( بدليــل تهویــه نامناســب ایجــاد می شــود
al., 2022(. افــزودن زمــان ایســتادن حــرکات تنفســی گاو، 
نيازهــای نگهــداری را بــالا می بــرد و همزمــان مصــرف غــذا 
ــا  را نيــز کاهــش می دهــد )McDowell, 1974(. تهویــه ب
ــای  ــروز بيماری ه ــگاه، از ب ــب در جای ــوای مناس ــان ه جری
 .)Dale & Brody, 1954( تنفســی جلوگيــری می کنــد
ــرای تنفــس،  جایگاه هــا چنانچــه نيازهــای اساســی گاو را ب
اســتراحت، دسترســی بــه غــذا و آب، تحــرک و بــروز 
ــبب  ــد س ــد، می توانن ــن نکنن ــی را تامي ــای طبيع رفتاره

.)Mohebi, 2011( ــوند ــه ش ــرد نابهين عملک
ــه ایــن نتيجــه رســيد  اســدیان )2006( در پژوهشــی ب
کــه در بيشــتر گاوداری هــا ، موانــع محــدود کننــده جریــان 
عبــور هــوا و تاميــن اکســيژن برطــرف گردیــده و اکســيژن 
 . )Asadian, 2006( ــود ــن می ش ــا تامي ــرای دام ه ــی ب کاف
بــدن دام درگيــر ســوخت و ســاز بالایــی بــوده و بــه طــور 
 Nouri( ــاز دارد ــادی ني ــت اکســيژن زی ــه دریاف ــی ب طبيع
ــای  ــی جایگاه ه ــی در طراح ــور کل ــه ط et al., 2021(. ب
ــه، بســتر مناســب و  ــن تهوی ــد ســوله ای مســئله تامي جدی
 Azam( مدیریــت نــور در یــک ســالن بســيار حياتــی اســت
Rahmati et al., 2021(. جریــان هــوای داخــل در زمــان 
تهویــه طبيعــی، تحــت تأثيــر دو عامــل جریــان بــاد خــارج و 
Chle� )شــيوه گــذر آن از فضــای داخلــی ســاختمان اســت 

ــوا در  ــان ه ــل جری ــرای تحلي la et al., 2009(. دو روش ب
ــازی های  ــی و شبيه س ــود دارد: روش تجرب ــاختمان وج س

.)Loomans & Mook, 1995( ــددی ع
ــنجی  ــور اعتبارس ــه منظ ــش )1985( ب داون و همکاران
ــزان  ــن مي ــرای تخمي ــه ب ــعه یافت ــری توس ــادلات نظ مع
اندازه گيری هــای  دودکشــی،  اثــر  بــر  مبتنــي  تهویــه 
ــرل شــده آزمایشــگاهي  گســترده ای را تحــت شــرایـ کنت
ــه  ــي، ناحي ــدن جانب ــاز ش ــه ب ــرات ناحي ــامل تأثي ــه ش ک
ــطح  ــقف و س ــيب س ــوش، ش ــه درپ ــش، لب ــه دودک دهان
ســقف چوبــي بــا انــدازه 75 ميليمتــر در 25 ميليمتــر 
مي شــد، در یــک ســاختمان گاوداری نمونــه طراحــی و 

.)Down et al., 1985( اجــرا کردنــد
ــه  ــا ک ــوای مرغ داری ه ــی ه ــض مکانيک ــل تعوی در عم
بــه یکــی از ســه صــورت حداقلــی، انتقالــی و تونلــی انجــام 

می شــود،  حداقــل تعویــض هــوا 5 دقيقــه، انتقالــی 2 دقيقــه 
 Sadrnia,( ــرد ــه صــورت می گي ــر از 1 دقيق ــی کمت و تونل
2008(. ولــی نکتــه حائــز اهميــت ایــن اســت کــه هنــگام 
ــد در  ــوا بای ــان ه ــداری، جری ــل دام ــای داخ ــه فض تهوی
تمامــی نقــاط ســالن یکنواخــت و هميشــه بــه یــک ســمت 
باشــد )Bagheri, 2013(. هــوای ورودی بــه ســوله های دام، 
ــه ميــزان ناچيــزی از هــوای خروجــی کمتــر باشــد  بایــد ب
تــا در ســالن فشــار منفــی ایجــاد شــود. یــک قاعــده کلــی 
وجــود دارد کــه بــرای تاميــن هــر 113% مترمکعــب هــوای 
ــا هواکــش، حــدود 6/5 ســانتی متــر  خروجــی در دقيقــه ب
ــد.  ــر می گيرن ــوا در نظ ــره ورود ه ــا پنج ــه ی ــع دریچ مرب
ــدن  ــک ش ــوا و خش ــان ه ــاد جری ــث ایج ــل باع ــن عم ای
 Sadrnia,(  بســتر و کاهــش توليــد گاز آمونيــاک می شــود
ــی  ــه خوب ــد ب ــاد نمی توان ــذ زی ــا مناف ــرغ داری ب 2008(. م
ــوا  ــای ه ـــ از ورودی ه ــد فق ــوا بای ــام ه ــود. تم ــه ش تهوی
وارد گــردد. هميشــه هــوای ســرد بــه ســمت پایيــن جریــان 
می یابــد، بنابرایــن نشــت هــوای ســرد بيــرون مــرغ داری از 
ــه  ــته ب ــای ناخواس ــر ورودی ه ــا و دیگ ــا، حفره ه راه ترک ه
ــان، ایجــاد  ــن باعــث ميع ــد. ای ــان می یاب ســمت کــف جری
بســتر خيــس، توليــد آمونيــاک و عملکــرد ضعيــف پرنــدگان 

.)Bagheri, 2013( می شــود  
عبدالکریــم )2016( در پژوهشــی بيــان داشــت در 
ــتفاده از  ــمگير در اس ــش چش ــته افزای ــه گذش ــد ده چن
سيســتم های مکانيکــی تهویــه مطبــوع در خاورميانــه 
موجــب فراموشــی روش هــای ســنتی تهویــه طبيعــی شــد 
ــته اســت  ــراه داش ــه هم ــز ب ــرژی را ني ــالای ان و مصــرف ب
ــه و همــکاران  )Abdulkareem, 2016: 662�674(. فخری
)2017( در پژوهشــی بــا هــدف مدل ســازی CFD1 تهویــه 
طبيعــی در فضــای مســکونی، بيــان نمودنــد کمبــود هــوای 
ســالم در فضــای داخلــی، به شــدت بــر روی بيمــاری 
ــم اصلــی آن  ســندرم ســاختمان تأثيــر می گــذارد و از علائ
ــه ســردرد، بی حســی و خشــکی در مخــاط اســت کــه  غلب
ــود.  ــاد می ش ــيدکربن ایج ــت دی اکس ـــ غلظ ــاً توس عمدت
ــه در سيســتم های  ایــن وضعيــت ناشــی از اســتفاده بی روی
ــز انســان  ــاز متمای ــرآورده ســاختن ني ــوع در ب ــه مطب تهوی
اســت. ازایــن رو، تهویــه طبيعــی بــه عنــوان پيش شــرط در 
Fakh� )ارائــه آســایش بــه ســاکنان قابــل تأمــل می باشــد 

 .)riah et al., 2017: 1�16

ســعادت جو و همکارانــش )2019( در پژوهشــی بــا 
عنــوان »تأثيــر نســبت حيــاط بــر راندمــان تهویــه طبيعــی 
بــر چنــد ســاختمان دوطبقــه در ایــران« مشــخص کردنــد 
هرگونــه تغييــر کوچــک در پيکربنــدی فيزیکــی نورخان هــا 
ــر  ــه طبيعــی تأثي ــان تهوی ــان هــوا و راندم ــر الگــوی جری ب
خواهــد گذاشــت. نتایــج شبيه ســازی ها کــه بــه روش 
CFD انجــام شــده نشــان می دهــد کــه تناســبات نورخــان 
ــای  ــوای فض ــان ه ــرعت جری ــدید س ــش ش ــب افزای موج
 Saadatjoo et al., 2019: 2394�( می شــود  داخلــی 
هــوای  کيفيــت   )2011( همکارانــش  و  تيــان   .)2827
محيـــ بســته و آســایش حرارتــی یــک دفتــر را بــا تهویــه 
لایــه ای بــا کمــک روش عــددی موردبررســی قــرار دادنــد. 
ایــن تحقيــق نشــان داد کــه در صــورت طراحــی منطقــی، 
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Fig. 1. Situation of placement of a sample cattle farm; 
Top: Site plan and its details, Bottom: Perspective of 

cattle breeding

تهویــه لایــه ای قــادر اســت تــا کيفيــت مناســبی از هــوا را 
در محيـــ بســته بــه جریــان بيانــدازد و آســایش حرارتــی 
مناســبی را بــا ســنجش PMV2  و PPD3 به دســت آورد 
ــاندبرگ  ــرگ و س )Tian et al., 2011: 501�510(. هيزلرب
ــدار  ــبه مق ــرای محاس ــس را ب ــه اوریفي ــی معادل در پژوهش
ــک  ــه و در ی ــک تهوی ــه در ی ــوای صــورت گرفت ــان ه جری
ســاختمان بــه کار گرفتنــد و دریافتنــد کــه مقــدار ضریــب 
تخليــه در بازشــو به انــدازه و نــوع بازشــو بســتگی دارد 

.)Heiselberg & Sandberg, 2006: 43�52(
ــاوي  ــک ح ــک اتاق ــش )1990( در ی ــن وهمکاران اولس
ــی را  ــک، آزمایش ــدل کوچ ــه م ــک محفظ ــوا و درون ی ه
بــر جریــان جابجایــي طبيعــي هــوا بــا عــدد رایلــي حــدود 
1010 انجــام داده اســت. ابعــاد اتــاق حــدوداً بــه نســبت 1 
بــه 3 بــود. در ایــن آزمایــش جریــان و دمــاي اندازه گيــري 
شــده در هســته و لایــه مــرزي نمایــش داده شــد. دو حلقــه 
 Olsen, Glicksman( جانبــي در آزمایش مشــاهده گردیــد
Ferm, 1990: 640� 647 &(. چــو و همکارانــش )2009( 
ــورت  ــای ص ــتفاده از آزمایش ه ــا اس ــری ب ــق دیگ در تحقي
ــاختمان  ــک س ــر روی ی ــه ب ــاد ک ــل ب ــک تون ــه در ی گرفت
ــد  ــت، دریافتن ــوت گرف ــی ص ــزای داخل ــد اج ــه فاق نمون
ــاد و مقــدار عــدد  ــه جهــت ب کــه مقــدار ضریــب تخليــه ب
ــدار  ــد و مســتقل از مق ــو وابســته می باش ــدز در بازش رینول
 Chu( ــان خارجــی اســت شــدت آشــفتگی و ســرعت جری
et al., 2009: 2064�2072(. اکســلی و چانــگ )2006( در 
مطالعــات خــود بــه ایــن نتيجــه رســيدند کــه بازشــوهایی 
ــز  ــه تي ــا لب ــوهایی ب ــوع بازش ــره از ن ــد درب و پنج مانن
نيســتند )Axley & Chung; 2006: 89�104(. ســاواچی 
ــه  ــن نتيجــه رســيدند ک ــه ای ــز ب ــش )2004( ني و همکاران
مقــدار ضریــب تخليــه در بازشــو بــه جهــت جریــان و نيــز 
Sawa� )مقــدار اختــلاف فشــار طرفين بازشــو بســتگی دارد 

chi et al., 2004: 343�357(. همچنيــن در ســال های 
موردعلاقــه  موضوعــات  بــه  انــرژی  بهــره وری  اخيــر 
دانشــمندان بــدل شــده اســت و شــيوه های تهویــه طبيعــی 
 Martínez�Molina( ــد ــل می گردن ــا روش CFD تحلي ب
et al., 2016(. رهایــی )2014( در پژوهشــی شــيوه های 
تهویــه مطبــوع را در ســاختمانی صنعتــی بــا روش تجربــی 
Ra� اســت  نمــوده  آزمایــش  عــددی  شبيه ســازی  )و 

haei, 2014(. بــا هميــن روش کيفيــت جریــان هــوای 
ــد  ــش ش ــی آزمای ــه طبيع ــد تهوی ــان فرآین ــل در زم داخ
ــد  ــود فرآین ــت بهب ــاق جه ــی ات ــت طراح ــاری جه و معم
 Teodosiu & Teodosiu,( تهویــه طبيعــی پيشــنهاد شــد
ــی و  ــایش حرارت ــوع آس ــش اول موض 2014(. در دو پژوه
نيــز برقــراری جریــان هــوای مطلــوب و همگــن موضوعــی 
بســيار پراهميــت می باشــد و در چهــار پژوهــش آخــر روش 
CFD و نرم افــزار Flunent مورداســتفاده بــوده و تمامــاً 
ــن  ــد. ضم ــه نموده ان ــی را توصي ــه طبيع ــای تهوی روش ه
اینکــه در چندیــن تحقيــق مشــابه، بهبــود وضعيــت تهویــه 
ــا شــيوه طراحــی  طبيعــی در فضــای معمــاری را مرتبـــ ب
ــود.  ــام می ش ــن انج ــابه آن در ای ــه مش ــته ک ــا دانس فض
ــه روش  ــد ک ــخص ش ــوق مش ــای ف ــاس پژوهش ه ــر اس ب
ــوده  ــبات، روش CFD ب ــول در محاس ــتفاده معم ــورد اس م

ــده  ــام ش ــزار Fluent انج ــتفاده از نرم اف ــا اس ــا ب و تحليل ه
اســت.

روش انجام پژوهش و اعتبارسنجی آنروش انجام پژوهش و اعتبارسنجی آن
روش انجــام ایــن تحقيــق بــا توجــه بــه ماهيــت 
ميان رشــته ای آن، یــک روش ترکيبــی بــوده و راهبردهــای 
تحقيــق تجربــی، شبيه ســازی و پژوهــش مــوردی را درگيــر 
می نمایــد. جامعــه آمــاری مــورد بررســی در ایــن پژوهــش 
ــت گاوداری در  ــه جه ــت ک ــوله هایی اس ــام س ــامل تم ش
اقليــم ســرد مــورد اســتفاده قــرار گرفته انــد. نمونــه مــوردی 
ــک گاوداری طراحــی شــده در شــهر  ــز ی ــن پژوهــش ني ای
ســلماس در قالــب ســوله اســت )شــکل 1( کــه بــرای حدود 
250 رأس گاو طراحــی شــده اســت. مطابــق اســتانداردهای 
 Salmas( ــه ــورت گرفت ــنجی های ص ــز نيازس ــود و ني موج
ــر  ــوله مدنظ municipality, 2018; Sadrnia, 2008(، س
بــه ابعــاد 20×50 )طــول و عــرض( متــر و بــا ارتفــاع 8 متــر 
ــه در دو  ــد ک ــه ش ــر گرفت ــه در نظ ــيبدار ب ــقف ش ــا س و ب
طــرف طولــی آن درب هــای بــزرگ 3×3 متــر )جهــت تــردد 
ماشــين و گاو در محــور مرکــزی طولــی( بــا یــک کریــدور 
مرکــزی طولــی در نظــر گرفتــه شــد. 8 دریچــه هواکشــی 
ــه فواصــل مســاوی مطابــق شــکل 2  ســقفی )1×1 متــر( ب
ــای  ــد و پنجره ه ــی ش ــش بين ــقف پي ــراس س ـــ ال در خ
پيرامونــی بــه ارتفــاع 1/5 متــر در تــراز 1/5 متــری دیوارهــا 
ــه ارتفــاع 1 متــر در تــراز 5  و نيــز پنجره هــای پيرامونــی ب
متــری دیوارهــا )زیــر ســقف( در نظــر گرفتــه شــدند. بــا بــاز 
ــی(  ــای پيرامون ــوها )درب و پنجره ه ــودن بازش ــته ب و بس
ــا  ــا و مکنده ه ــش دمنده ه ــش و دم ــرایـ مک ــر ش و تغيي
در موقعيت هــای مختلــف و نيــز دریچه هــای ســقفی، 
آزمون هــای شبيه ســازی  متعــددی جهــت  حالت هــای 
فــرض گردیــد. لازم بــه ذکــر اســت کــه ســقف ها از جنــس 
ســاندویچ پانــل بــا پوشــش فلــزی و فــوم تزریقــی در نظــر 
ــت  ــه ضخام ــر ب ــس آج ــا از جن ــدند و دیواره ــه ش گرفت
ــایر  ــرای س ــی ب ــوله های اجرای ــابه س ــانتيمتر )مش 35 س

ــد.  ــرض ش ــران( ف ــای ای  دامپروری ه
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Fig. 2. The plan of the cattle farm under inves tigation; 
Top: Ground floor plan and lives tock accommodation, 

Bottom: Roof plan of cattle breeding
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اصــلاح وضعيــت معمــاري و چيدمــان بازشــوها و ترکيب 
ــد  ــش می توان ــن پژوه ــج ای ــاس نتای ــر اس ــا ب ــی آن ه اصل
موجــب بهبــود وضعيــت تهویــه ســوله های گاوداری و نيــز 
یکنواخت ســازی جریــان هــوای داخــل ایــن ســوله ها 
ــاختمان  ــوا در س ــان ه ــل جری ــراي تحلي ــود. دو روش ب ش
وجــود دارد: روش هــاي تجربــی و شبيه ســازی هاي عــددي. 
روش هــاي تجربــی یــا آزمایشــگاهی قابل اطمينان ترنــد، 
ولــی هزینه هــاي فراوانــی در پــی خواهنــد داشــت و وابســته 
 Loomans, Mook & Van,( زمان انــد  و  مــکان  بــه 
1995(. ایــن در حالــی اســت کــه در شبيه ســازی هاي 
ــی،  ــادلات فيزیک ــل مع ــا ح ــی ب ــوان به راحت ــددي می ت ع
ــددي  ــازی هاي ع ــود. شبيه س ــبه نم ــوا را محاس ــان ه جری
در مقایســه باروش هــاي آزمایشــگاهی بســيار ارزان تــر، 
دقيق تــر و ســریع تر اســت. بــا این حــال در ایــن روش 
نمی تــوان تمامــی شــرایـ فيزیکــی را در نظــر گرفــت 
ــذا  ــود دارد. ل ــب وج ــري تقری ــک س ــه ی ــاز ب ــواره ني و هم
ــج  ـــ نتای ــددي توس ــازي هاي ع ــا شبيه س ــرورت دارد ت ض
آزمایشــگاهی اعتباربخشــی شــوند، ســپس بــه عنــوان یــک 
 Amidpour( ــد ــرار گيرن ــزار در تحقيــق مورداســتفاده ق اب

 .)& Sofari, 2008

در  عــددی  شبيه ســازی  روش  پژوهــش،  ایــن  در 
نمونــه مــوردی )گاوداری مــوردی در شــهر ســلماس(، 
ــی  ــا روش هــای تجرب مــورد اســتفاده واقــع گردیــده کــه ب
ــه در  ــن )Olsen, Glicksman & Ferm, 1990( ک اولس
ادبيــات موضــوع آورده شــده اســت، پيــش از ایــن معتبــر 
گردیــده اســت )Rahaei, 2014 & 2013( و اعتبارســنجی 
آن بــه اثبــات رســيده اســت. اســاس آن بــر مبنــای روش 

 )Nagano & Tagawa, 1990( اعتباربخشــی شــده ناگانــو
ــن  ــی اولس ــق تجرب ــای تحقي ــر مبن ــز ب ــه آن ني ــت ک اس
)Olsen, Glicksman & Ferm, 1990( معتبــر شــده 
ــه ای و مــدل   ــا اســتفاده از یــک روش صفــر معادل ــود و ب ب
 Amidpour( ــور وســوفاری ــد. عميدپ شبيه ســازی گردیدن
Sofari, 2008 &( نيــز از روش مشــابهی در تحقيقــات 
ــر  ــيوه معتب ــن ش ــه همي ــه ب ــد ک ــتفاده نمودن ــود اس خ
ــی  ــان روش ــز از هم ــش ني ــن پژوه ــت. در ای ــده اس گردی
ــده  ــر ش ــور معتب ــی مذک ــات تجرب ــای مطالع ــر مبن ــه ب ک
ــورد  ــاس روش م ــن اس ــر ای ــد. ب ــتفاده گردی ــت، اس اس
ــيال  ــک س ــددی، روش دینامي ــبات ع ــتفاده در محاس اس
ــه  ــگر Gambit ب ــش پردازش ــه از پي ــوده ک ــباتی ب محاس
منظــور شــبکه بندی )مــش( و از نرم افــزار Fluent بــه 

ــد. ــتفاده ش ــبکه ها، اس ــل ش ــور تحلي منظ

شبیه سازی های عددیشبیه سازی های عددی  
گاوداری مــورد مطالعــه، ابتــدا مــدل گردیــد و آزمون هــا 
بصــورت شبيه ســازی های عــددی دوبعــدی و بــا روش 
ــوان شــد، انجــام و  ــن عن ــش از ای ــق آنچــه پي CFD مطاب
تحليــل گردیدنــد. در ایــن تحليل هــا تــا حــد امــکان، همــه 
ــه در  ــه مداخل ــدام ب ــس از آن اق ــد. پ ــی ش ــالات بررس ح
معمــاری گاوداری گردیــد و نتایــج مــورد تحليــل و بررســی 
ــن  ــلات ای ــددی و مداخ ــازی های ع ــدند. شبيه س ــع ش واق
ــرار گرفتنــد  ــای مختلــف مــورد بررســی ق پژوهــش از زوای
ــا  ــا مکنده ه ــم مقطــع عرضــی ب ــی و ه ــم مقطــع طول و ه
ــون  ــورد آزم ــف م ــن مختل ــای تامي ــا و دریچه ه و دمنده ه
ــارج  ــاد خ ــان ب ــازی ها جری ــن شبيه س ــدند. در ای ــع ش واق
ــت  ــه جه ــود و ب ــا ب ــا و دمنده ه ــرل مکنده ه ــت کنت تح
ــی از ورود مســتقيم  ــات داخل ــفتگی های جریان ــش آش کاه
آن بــه فضــای داخــل جلوگيــری بــه عمــل آمــد و وضعيــت 
گــردش هــوای داخــل ســوله بــدون درنظــر گرفتــن شــرایـ 

بــاد خــارج بــه ترتيــب زیــر ســنجيده شــد: 
الــف( ابتــدا مقطــع طولــی )شــکل 3( شبيه ســازی شــد 
و کليــه حالت هــای گــردش هــوای داخــل در موقعيت هــای 
ــای  ــورت دریچه ه ــوها بص ــد. بازش ــی گردی ــف بررس مختل
تاميــن و مکنــده و دمنــده در موقعيت هــای مختلــف مــورد 
آزمــون واقــع شــدند و نتایــج ایــن مداخــلات در جــدول 1 
خلاصــه گردیــد. ضمنــا راهنمــای جــدول 1 در شــکل های 

4 و 5 ارائــه شــده اســت. 
حالــت  ایــن  در   )6 )شــکل  عرضــی  مقطــع  ب( 
شبيه ســازی شــد و کليــه حالت هــای گــردش هــوای 
گردیدنــد.  بررســی  مختلــف  موقعيت هــای  در  داخــل 
نتایــج مداخــلات در ایــن حالــت در جــدول 2 آمــده اســت. 
ضمنــا راهنمــای جــدول 2 در شــکل های 7 و 8 ارائــه 

ــت. ــده اس ش

 

 
 

 
Figure 1. Situation of placement of a sample cattle 
farm. Top: site plan and its details, bottom: 
perspective of cattle breeding 

 
Figure 2. The plan of the cattle farm under 
investigation. Above: ground floor plan and livestock 
accommodation, below: roof plan of the shed in 
question 

 
 

 
Figure 3. Longitudinal section of the case sample and the position of its openings 

 

 
Figure 4. Air flow speed guide in all relevant images 

in Table 1 in m/s 
 

Figure 5. Guide to air temperature in all relevant 
images in Table 1 in Kelvin 

 
 

 
Figure 6. Cross-section of the research case sample and the location of its openings 

 

 
Figure 7. Air flow speed guide in all related images 

in Table 2 in meters per second 
 

Figure 8. Guide to air temperature in all related images 
in Table 2 in Kelvin 
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Fig. 3. Longitudinal section of the case sample and the position of its openings
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Table 1. Simulation of different conditions to the tes t (Mode A) in the longitudinal section of the case s tudy

Table 1. Simulation of different conditions to the test (mode A) in the longitudinal section of the case study 
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 Velocity contours (top) and velocity 
vectors (middle) in meters per second 

and air temperature contours (bottom) 
in Kelvin 

Results 

1 In this case, open roof vents, open shed 
doors, and open windows under the roof 

were assumed. The door and valve on 
one side (right), in the role of a sucker, 

sucks the air inside at a speed of 3 
meters per second. 

 
Airspeed contours 

 
Air velocity vectors 

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

roof vents are closed. 
 

Airspeed contours 

 
Air velocity vectors 

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. 

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 vectors 

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. 
4 It is the same as situation 2, with the 

difference that the energy equation is 
activated and the temperature effect is 
also seen: the outside temperature is 

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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

 

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. 

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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

 

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 

 
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. 
7 These conditions are assumed to be the 

same as condition 4, only instead of the 
suction on the right side, the openings 

on the left side are assumed to blow the 
wind with a temperature of 296 degrees 

Kelvin and a speed of 3 meters per 
second to the interior space. The roof 

vents are closed and the openings on the 
right side act as pressure outlets: the 
door and window are assumed to be 

open. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

In this case, according to the pictures, the 
air turbulence is very high and the air 
temperature difference on the left and 

right side of the shed is large, so that the 
animals on the left side, which are 

exposed to cold air, are likely to get cold, 
and the initial wind speed on the left side 
is high. It has been and the whole flow is 
chaotic. In this case, the heating power of 
livestock is considered to be 100 to 150 
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 

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 

 
Air temperature contours 

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 

 
 

 

 
 

 
Figure 1. Situation of placement of a sample cattle 
farm. Top: site plan and its details, bottom: 
perspective of cattle breeding 

 
Figure 2. The plan of the cattle farm under 
investigation. Above: ground floor plan and livestock 
accommodation, below: roof plan of the shed in 
question 

 
 

 
Figure 3. Longitudinal section of the case sample and the position of its openings 

 

 
Figure 4. Air flow speed guide in all relevant images 

in Table 1 in m/s 
 

Figure 5. Guide to air temperature in all relevant 
images in Table 1 in Kelvin 

 
 

 
Figure 6. Cross-section of the research case sample and the location of its openings 

 

 
Figure 7. Air flow speed guide in all related images 

in Table 2 in meters per second 
 

Figure 8. Guide to air temperature in all related images 
in Table 2 in Kelvin 

 
 

 

 
 

 
Figure 1. Situation of placement of a sample cattle 
farm. Top: site plan and its details, bottom: 
perspective of cattle breeding 

 
Figure 2. The plan of the cattle farm under 
investigation. Above: ground floor plan and livestock 
accommodation, below: roof plan of the shed in 
question 

 
 

 
Figure 3. Longitudinal section of the case sample and the position of its openings 

 

 
Figure 4. Air flow speed guide in all relevant images 

in Table 1 in m/s 
 

Figure 5. Guide to air temperature in all relevant 
images in Table 1 in Kelvin 

 
 

 
Figure 6. Cross-section of the research case sample and the location of its openings 

 

 
Figure 7. Air flow speed guide in all related images 

in Table 2 in meters per second 
 

Figure 8. Guide to air temperature in all related images 
in Table 2 in Kelvin 

 
 

Fig. 4. Guide to air temperature in all relevant images 
in Table 1 in Kelvin

Fig. 5. Air flow speed guide in all relevant images in 
Table 1 in m/s
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Table 1. Simulation of different conditions to the tes t (Mode A) in the longitudinal section of the case s tudy

Table 1. Simulation of different conditions to the test (mode A) in the longitudinal section of the case study 
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 Velocity contours (top) and velocity 
vectors (middle) in meters per second 

and air temperature contours (bottom) 
in Kelvin 

Results 

1 In this case, open roof vents, open shed 
doors, and open windows under the roof 

were assumed. The door and valve on 
one side (right), in the role of a sucker, 

sucks the air inside at a speed of 3 
meters per second. 

 
Airspeed contours 

 
Air velocity vectors 

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

roof vents are closed. 
 

Airspeed contours 

 
Air velocity vectors 

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. 

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 vectors 

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. 
4 It is the same as situation 2, with the 

difference that the energy equation is 
activated and the temperature effect is 
also seen: the outside temperature is 

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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

 

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. 

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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

 

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 

 
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. 
7 These conditions are assumed to be the 

same as condition 4, only instead of the 
suction on the right side, the openings 

on the left side are assumed to blow the 
wind with a temperature of 296 degrees 

Kelvin and a speed of 3 meters per 
second to the interior space. The roof 

vents are closed and the openings on the 
right side act as pressure outlets: the 
door and window are assumed to be 

open. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

In this case, according to the pictures, the 
air turbulence is very high and the air 
temperature difference on the left and 

right side of the shed is large, so that the 
animals on the left side, which are 

exposed to cold air, are likely to get cold, 
and the initial wind speed on the left side 
is high. It has been and the whole flow is 
chaotic. In this case, the heating power of 
livestock is considered to be 100 to 150 
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 

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. 
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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 
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Table 2. Simulation of different s tates of the tes t (Mode B) in the cross section of the case s tudy

 
 
 

Status 
number 

Description of the 
situation 

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

contours (bottom) in Kelvin 

Results 

1 The valves on the right have 
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 

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. 
 

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.. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

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 

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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

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

hatch is closed. 

 
Airspeed contours 

 
Air velocity vectors 

 
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. 

5 In this situation, which is 
the same as situation 4, the 
ceiling valve is assumed as 
a sucker that throws air out 
at a speed of 3 meters per 
second. Both the lower 

openings (right and left) are 
assumed to supply cool air 
inside (pressure outlet) and 

do not have fans. That 
means they are neither 

sucking nor blowing. The 
upper openings are also 
assumed to be closed. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

In this case, despite the fact that by using 
more energy, we try to cool and supply 
more favorable air, and the cool air is 
supplied from both the right and left 
sides of the animals, a favorable flow 

does not occur in the interior space, the 
disturbance of the air flow inside is high 

and The air temperature inside also 
increases, contrary to what it seems. This 

model consumes more energy and 
creates a turbulent internal flow. Its only 

advantage is the non�accumulation of 
polluted air under the roof, which is not 
recommended due to its disadvantages. 

The pictures confirm this. 

6 Animals (cows) have been 
added to the indoor 

environment with a thermal 
power of 200 watts and a 

heat of 310 degrees Kelvin. 
Assumptions: the ambient 
temperature is 310 degrees 
Kelvin, the roof vent and 

the openings under the roof 
of the shed, closed and the 

lower left opening, as a 
suitable air supply valve 
that provides air with a 

temperature of 300 degrees 
Kelvin. The valve on the 

lower right side is the 
suction, which is the same 

temperature as the 
environment and throws the 

air out at a speed of 3 
meters per second. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

In this case, the disturbance of the 
internal air flow is very noticeable in the 

position of the animals, which is of 
course normal. The favorable air level 

has risen and the air level for animals is 
warmer. Accumulation of pollution does 
not happen under the roof, and instead, 

due to the creation of a vortex flow at the 
level of the animals, the accumulation of 
polluted air at the level of the animals is 
noticeable. In general, this model can be 
favorable in terms of relatively favorable 

temperature flow. 
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assumed to be open. In this 
case, the energy equation is 

not active and only the 
shape of the air flow inside 
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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. 
 

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.. 
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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 

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. 
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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. 
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case, the energy equation is 

not active and only the 
shape of the air flow inside 
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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. 
 

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.. 

 
Airspeed contours 
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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 

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. 
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Air velocity vectors 
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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. 
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Results 

1 The valves on the right have 
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. 
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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. 
 

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.. 
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Air velocity vectors 
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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 

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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

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 

 
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. 

5 In this situation, which is 
the same as situation 4, the 
ceiling valve is assumed as 
a sucker that throws air out 
at a speed of 3 meters per 
second. Both the lower 

openings (right and left) are 
assumed to supply cool air 
inside (pressure outlet) and 

do not have fans. That 
means they are neither 

sucking nor blowing. The 
upper openings are also 
assumed to be closed. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

In this case, despite the fact that by using 
more energy, we try to cool and supply 
more favorable air, and the cool air is 
supplied from both the right and left 
sides of the animals, a favorable flow 

does not occur in the interior space, the 
disturbance of the air flow inside is high 

and The air temperature inside also 
increases, contrary to what it seems. This 

model consumes more energy and 
creates a turbulent internal flow. Its only 

advantage is the non�accumulation of 
polluted air under the roof, which is not 
recommended due to its disadvantages. 

The pictures confirm this. 

6 Animals (cows) have been 
added to the indoor 

environment with a thermal 
power of 200 watts and a 

heat of 310 degrees Kelvin. 
Assumptions: the ambient 
temperature is 310 degrees 
Kelvin, the roof vent and 

the openings under the roof 
of the shed, closed and the 

lower left opening, as a 
suitable air supply valve 
that provides air with a 

temperature of 300 degrees 
Kelvin. The valve on the 

lower right side is the 
suction, which is the same 

temperature as the 
environment and throws the 

air out at a speed of 3 
meters per second. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

In this case, the disturbance of the 
internal air flow is very noticeable in the 

position of the animals, which is of 
course normal. The favorable air level 

has risen and the air level for animals is 
warmer. Accumulation of pollution does 
not happen under the roof, and instead, 

due to the creation of a vortex flow at the 
level of the animals, the accumulation of 
polluted air at the level of the animals is 
noticeable. In general, this model can be 
favorable in terms of relatively favorable 

temperature flow. 

7 This situation is similar to 
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 

Due to the presence of animals, the air 
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. 

8 It is exactly the same 
situation as 7, with the 

difference that there are 
conditions to lower the 

desired air to the level of 
the animal and practically 
eliminate the air vortices 

under the roof. In this 
situation, this goal is 

achieved by creating a floor 
(for example, an office or 

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

below. 

 
Airspeed contours 

 
Air velocity vectors 
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As the pictures show, the internal air 
flow has been modified in a strange way 
and despite the traps, the turbulence of 
the internal air flow has been greatly 

reduced, the internal temperature is more 
favorable and the comfort conditions 

have been provided. With the removal of 
air vortices, the accumulation of polluted 

air and unpleasant odor under the roof 
has practically disappeared. The pictures 

below confirm this. 

9 This state is actually a 
modified form of state 8, 

while the energy equation is 
not activated and the goal is 
to analyze the motion of the 
internal fluid. The ceiling 

vent plays the role of a 
sucker and throws the inside 

air out at a speed of 3 
meters per second, and the 
rest of the openings (the 4 
lower and upper openings 

of the side walls are all 
open) have the task of 
supplying air (pressure 

outlet). 

 
Airspeed contours 

 
Air velocity vectors 

In this case, there is a more favorable 
flow at the level of the animal, but the 

main problem is the accumulation of air 
in the empty spaces adjacent to the side 

walls under the roof. However, the shape 
of the air flow inside is such that it can 
empty the polluted air under the roof 

through the central suction. The fact that 
the wall openings are open will cause a 
better discharge of polluted air and its 

non�stasis in the interior space, but it will 
increase energy consumption to stabilize 

the desired air in the interior space. 
Therefore, a solution should be found to 

reduce consumption. 
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10 This state is exactly like 
state 9 (previous) with the 

difference that the side 
windows under the roof are 
closed in the side walls and 

only the lower openings 
provide the desired air.  

Airspeed contours 

 
Air velocity vectors 

In this case, according to the pictures, the 
desired flow of livestock is slightly 

disturbed, which can be ignored, but we 
will have the accumulation of pollution 

under the ceiling in the empty space near 
the side walls. 

11 Considering that position 9 
provides better conditions, 
the energy equation was 

activated for it, and in order 
to reduce energy 

consumption, the upper 
openings of the side walls 
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 
valves were considered to 
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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

According to the pictures below, the air 
temperature at the level of the animals is 
comfortable and the incoming air from 

the upper wall openings (under the roof) 
discharges unpleasant odors. 

12 If the upper openings of the 
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 

 
Air velocity vectors 

 

 
Air temperature contours 

There is thermal balance and comfort 
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. 

Table 2. Simulation of different s tates of the tes t (Mode B) in the cross section of the case s tudy
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Description of the 
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Velocity contours (top) and velocity vectors 
(middle) in meters per second and air temperature 

contours (bottom) in Kelvin 

Results 

1 The valves on the right have 
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 

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. 
 

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.. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

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 

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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

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. 

7 This situation is similar to 
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 

Due to the presence of animals, the air 
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. 

8 It is exactly the same 
situation as 7, with the 

difference that there are 
conditions to lower the 

desired air to the level of 
the animal and practically 
eliminate the air vortices 

under the roof. In this 
situation, this goal is 

achieved by creating a floor 
(for example, an office or 

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

below. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

As the pictures show, the internal air 
flow has been modified in a strange way 
and despite the traps, the turbulence of 
the internal air flow has been greatly 

reduced, the internal temperature is more 
favorable and the comfort conditions 

have been provided. With the removal of 
air vortices, the accumulation of polluted 

air and unpleasant odor under the roof 
has practically disappeared. The pictures 

below confirm this. 

9 This state is actually a 
modified form of state 8, 

while the energy equation is 
not activated and the goal is 
to analyze the motion of the 
internal fluid. The ceiling 

vent plays the role of a 
sucker and throws the inside 

air out at a speed of 3 
meters per second, and the 
rest of the openings (the 4 
lower and upper openings 

of the side walls are all 
open) have the task of 
supplying air (pressure 

outlet). 

 
Airspeed contours 

 
Air velocity vectors 

In this case, there is a more favorable 
flow at the level of the animal, but the 

main problem is the accumulation of air 
in the empty spaces adjacent to the side 

walls under the roof. However, the shape 
of the air flow inside is such that it can 
empty the polluted air under the roof 

through the central suction. The fact that 
the wall openings are open will cause a 
better discharge of polluted air and its 

non�stasis in the interior space, but it will 
increase energy consumption to stabilize 

the desired air in the interior space. 
Therefore, a solution should be found to 

reduce consumption. 
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Table 2. Simulation of different s tates of the tes t (Mode B) in the cross section of the case s tudy

 
 
 

Status 
number 

Description of the 
situation 

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

contours (bottom) in Kelvin 

Results 

1 The valves on the right have 
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 

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. 
 

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.. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

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 

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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

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. 

10 This state is exactly like 
state 9 (previous) with the 

difference that the side 
windows under the roof are 
closed in the side walls and 

only the lower openings 
provide the desired air.  

Airspeed contours 

 
Air velocity vectors 

In this case, according to the pictures, the 
desired flow of livestock is slightly 

disturbed, which can be ignored, but we 
will have the accumulation of pollution 

under the ceiling in the empty space near 
the side walls. 

11 Considering that position 9 
provides better conditions, 
the energy equation was 

activated for it, and in order 
to reduce energy 

consumption, the upper 
openings of the side walls 
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 
valves were considered to 
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. 

 
Airspeed contours 

 
Air velocity vectors 

 
Air temperature contours 

According to the pictures below, the air 
temperature at the level of the animals is 
comfortable and the incoming air from 

the upper wall openings (under the roof) 
discharges unpleasant odors. 

12 If the upper openings of the 
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 

 
Air velocity vectors 

 

 
Air temperature contours 

There is thermal balance and comfort 
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. 

یافته هایافته ها
ــود  ــدف بهب ــش ه ــن پژوه ــه در ای ــه اینک ــه ب ــا توج ب
جریــان هــوای داخــل و متعاقبــاً تهویــه درون ســوله 
گاوداری هــای اقليــم مشــابه شــهر ســلماس )ســرد( اســت، 
ــورت  ــج بص ــوردی رای ــه م ــک نمون ــف ی ــای مختل حالت ه
ــد  ــوان ش ــه عن ــه ک ــد. همان گون ــی گردی ــدی بررس دوبع
ــا  ـــ ب ــوله متوس ــک س ــش ی ــن پژوه ــوردی ای ــه م نمون
ظرفيــت 250 راس گاو بــه ابعــاد 20*50 متــر بــه ارتفــاع 8 
متــر اســت کــه بــا ســقف شــيبدار دوطرفــه ای بــه شــکل 8 
پوشــش یافتــه اســت. مداخــلات بصــورت شبيه ســازی های 
عــددی در محيـــ نرم افــزار Fluent انجــام پذیرفتنــد. ایــن 
ــوع  ــوها، ن ــت بازش ــرات در موقعي ــامل تغيي ــلات ش مداخ
ــا و  ــت مکنده ه ــارج، موقعي ـــ خ ــا محي ــا ب ــاط آن ه ارتب
ــد.  دمنده هــا و نيــز اجــزای داخلــی معمــاری گاوداری بودن
ایــن مداخــلات در مقاطــع دوبعــدی طولــی و عرضــی ســوله 
مدنظــر انجــام شــدند و بــه جهــت ســهولت محاســبات، در 
آزمون هــای اوليــه، معــادلات انــرژی فعــال نشــدند و صرفــاً 
گــردش هــوای داخــل مدنظــر بــود. ســپس بــرای شــرایـ 
ــرژی،  ــا فعال ســازی معــادلات ان گرمــا و ســرمای محيـــ ب

ــه تحليــل و مقایســه نتایــج شــد.  ــه تجزی اقــدام ب
ابتــدا مقاطــع طولــی شبيه ســازی شــدند کــه نتایــج 8 
وضعيــت مداخلــه آن در جــدول 1 آورده شــد. ســه وضعيــت 
اول جــدول مذکــور بــدون در نظــر گرفتــن دمــای محيـــ 
و صرفــاً بــر اســاس گــردش هــوای داخــل بــوده کــه از ایــن 
ميــان وضعيــت شــماره 2 کــه مطلوب تــر بــود و در برخــی 
گاوداری هــا مــورد اســتفاده اســت، بــرای فعال ســازی 
معــادلات انــرژی انتخــاب شــد. بهتریــن شــرایـ در تهویــه 
ــن ترتيــب  ــده شــد. بدی ــی ســوله ها در وضعيــت 8 دی طول
ــه  ــق دریچ ــوع از طری ــک و مطب ــوای خن ــدن ه ــه دمي ک
ــر ســقف از یــک ســمت انجــام و مکــش هــوای داخــل  زی
ســوله از طریــق بازشــوی پایينــی ســوله در ســمت مقابــل 
ــاً یــک  انجــام شــود. ســایر دریچه هــا بســته باشــند و صرف
دریچــه تنظيــم فشــار در تــراز پایيــن ضلعــی کــه دمنــده 

هــوای مطبــوع در آن نصــب شــده اســت، پيش بينــی شــود. 
در ایــن صــورت پخشــایش دمــا در محيـــ داخلــی و نيــز 
گــردش هــوای داخــل در مطلوب تریــن حالــت تهویــه 
طولــی خواهــد بــود. بــه نظــر می رســد کــه مصــرف انــرژی 
ــه تمــام شــرایطی  ــوده امــا نســبت ب ــالا ب در ایــن حالــت ب
ــا  ــه منظــور خنک کنندگــی ی کــه امــروزه در گاوداری هــا ب
ــر  ــر و کم هزینه ت ــتفاده می شــود، موثرت ــوب اس ــه مطل تهوی
)بــه لحــاظ مصــرف انــرژی( خواهــد بــود. زیــرا رادیاتورهــای 
توليــد دمــای مطلــوب )گــرم یــا ســرد( فقـــ در یک ســمت 
ــه  ــوند ک ــب می ش ــقف نص ــر س ــه زی ــم در دریچ و آن ه
نســبت بــه حجــم ســوله، بســيار مرقــون بــه صرفــه بــوده و 
مصــرف چندانــی نــدارد. همچنيــن بــرای توليــد گرمــا بایــد 
ــا  ــد و ی ــته باش ــده بس ــمت دمن ــار س ــم فش ــه تنظي دریچ

ــد. ــرم باش ــا آب گ ــور ب ــه دارای رادیات این ک
در گام بعــدی مقاطــع عرضــی گاوداری شبيه ســازی 
ــه آن در جــدول 2  ــت مداخل ــج 12 وضعي ــه نتای ــدند ک ش
ــرژی  ــه ان ــا معادل ــام وضعيت ه ــت. در تم ــده اس آورده ش
فعــال شــد و رونــد پخشــایش دمــا و گــردش جریــان هــوای 

ــوع مداخلــه بررســی گردیــد.  ــه ن داخــل بســته ب
حالت هــای تهویــه در 7 وضعيــت اول مقایســه گردیدنــد 
و هيــچ کــدام جریــان مطلوبــی را ارائــه ننمودنــد. تنهــا در 
وضعيــت شــماره 7 تــا حــدودی مطلوبيــت پخشــایش 
ــان هــوا احســاس می شــود کــه  ــر جری ــا و گــردش موث دم
ــر مصــرف  ــوا، بســيار پ ــراز خــروج ه ــن ت ــالا رفت ــل ب بدلي
ــوا نشــان  ــان ه ــردش جری ــه گ ــازده اســت. مطالع ــم ب و ک
داد کــه درصورتــی کــه تــراز ورودی و پخــش جریــان هــوا 
ــه ای  ــان بهين ــت جری ــن اس ــد، ممک ــن بيای ــالن پایي در س
برقــرار گــردد. لــذا بــا پرکــردن فضــای بــالای ســوله مطابــق 
ــت.  ــورت گرف ــان ص ــلاح جری ــا 12، اص ــای 8 ت وضعيت ه
ــه  ــی ارائ وضعيت هــای 10، 11 و 12 شــرایـ بســيار مطلوب
ــد  ــرد می توان ــوای س ــرایـ ه ــت 12 در ش ــد. وضعي دادن
بســيار موجــب صرفه جویــی در مصــرف انــرژی باشــد. زیــرا 
بســته بــودن دریچه هــای تاميــن زیــر ســقف، مانــع از ورود 
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هــوای ســرد بــه محيـــ می شــوند. در حالــی کــه در فصــل 
ــر ســقف در دیواره هــای  گــرم، بهتــر اســت دریچه هــای زی
جانبــی ماننــد وضعيــت 11 بــاز باشــند، تــا ضمــن تاميــن 
ــته  ــز داش ــرم را ني ــوای گ ــر ه ــه موثرت ــوا، تخلي ــر ه بهت
ــوله های  ــد، س ــده ش ــه دی ــه در مقال ــه ک ــند. همانگون باش
ــفته ای دارد  ــيار آش ــوای بس ــردش ه ــود، گ ــداری موج دام
ــلاف  ــب، ات ــای مناس ــدم پيش بينی ه ــه ع ــه ب ــا توج ــه ب ک
ــه  ــواردی ک ــوده و در م ــاد ب ــبت زی ــه نس ــا ب دام در آن ه
ــم  ــود، ه ــتفاده می ش ــی اس ــه مکانيک ــای تهوی از مکانيزم ه
ــوای  ــردش ه ــم گ ــت و ه ــاد اس ــيار زی ــرژی بس ــلاف ان ات
ــبب  ــل س ــن عام ــدارد و ای ــود ن ــداری وج ــری در دام موث
اســترس گرمایــی دام هــا ی نزدیــک نازل هــا شــده و اختلاف 
ــه در  ــی ک ــد. در حال ــادی ایجــاد می نمای ــای بســيار زی دم
حالــت بهينــه کــه مطابــق شــکل 9 می باشــد، جریانــی آرام 
و مطلــوب از طریــق پنجره هــای جانبــی بــه فضــای داخلــی 
مکيــده شــده و ایــن جریــان پــس از عبــور از رادیاتورهــای 
ــه  ــب ب ــی مناس ــز رطوبت زدای ــا و ني ــده در پنجره ه کار ش
ــا  ــده و ب ــاز، مطبــوع گردی کمــک مه پاش هــا در صــورت ني
ــلای دام هــا  حرکــت نمــوده و  ــرژی از لاب صــرف حداقــل ان
از طریــق بازشــوی ســقفی بــه خــارج مکيــده می شــود. در 
ــده  ــده در بازشــوی ســقفی دی ــن مکن ــک ف ـــ ی ــع فق واق
ــت.  ــده اس ــا کار ش ــور در پنجره ه ــدادی رادیات ــده و تع  ش
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بحث و نتیجه گیریبحث و نتیجه گیری
 بــر اســاس مطالــب عنــوان شــده، در دوحالــت تهویــه 
ــر  ــوارد زی ــرد، م ــم س ــای اقلي ــی گاوداری ه ــی و عرض طول

پيشــنهاد می شــوند:
ــه فضــای  1. از ورود پيش بينــی نشــده هــوای خــارج ب
داخــل گاوداری هــا بایــد بشــدت پرهيــز شــود، زیــرا جریــان 
آشــفته ای در داخــل شــکل می گيــرد کــه نــه تنهــا 
ــل  ــاً در فص ــدارد و خصوص ــبی ن ــای مناس ــایش دم پخش
ــع  ــدازد، بلکــه مان ــا  را در خطــر می ان ســرد ســلامتی دام ه
کارکــرد موثــر یــک سيســتم تهویــه موثــر در فضــای داخــل 

می شــود.
ــاز  ــورد ني ــوله م ــای س ــام فض ــه تم ــی ک 2. در صورت
یک طرفــه  تهویــه  مکانيــزم  یــک  از  اســتفاده  اســت، 
ــن  ــه ضم ــت ک ــاز اس ــورد ني ــول گاوداری م ــی در ط طول
ــودن تمــام بازشــوها، پيشــنهاد می گــردد در یــک  بســته ب
ســمت ســوله، در تــراز بــالای 3 متــر، یــک منبــع تعدیــل 
ــوی  ــرم(، در بازش ــرد و گ ــا آب س ــور )ب ــر رادیات ــا نظي دم

ــمت  ــن( در س ــت ف ــده ای )ج ــود و مکن ــی ش آن پيش بين
ــه  ــل را ب ــوای داخ ــرد و ه ــرار گي ــف ق ــراز ک ــل در ت مقاب
ســمت خــارج پرتــاب کنــد )ماننــد وضعيــت 8 منــدرج در 
جــدول 1(. در این صــورت هــوای تــازه خــارج پــس از گــذر 
ــور، مطلــوب شــده و وارد ســالن می گــردد و پــس  از رادیات
ــده  ــق مکن ـــ از طری ــا در محي ــوب دم ــایش مطل از پخش
ســمت مقابــل، خــارج می شــود. در تــراز پایيــن ضلعــی کــه 
ــم فشــار  ــک دریچــه تنظي ــور در آن نصــب شــده، ی رادیات

ــاز اســت کــه در فصــل ســرد بســته اســت. ــورد ني م
3. درصورتی کــه بتــوان در فضــای داخلــی گاوداری 
دخــل و تصــرف نمــود )وضعيــت 12 منــدرج در جــدول 2( 
ــه عرضــی از  ــرد، تهوی ــر ک و بخشــی از فضــای داخــل را پ
دوطــرف پيشــنهاد می گــردد. بــه ایــن صــورت کــه مکنــده 
اصلــی در دریچــه ســقفی نصــب گــردد و دو دریچــه تاميــن 
ــرم در  ــای آب ســرد و گ ــه رادیاتوره ــز ب ــازه مجه ــوای ت ه
ــا هــوای خــارج  ــر نصــب شــوند ت ــا 2 مت ــراز حــدود 1 ت ت
پــس از گــذر از رادیاتورهــا مطلــوب شــده و پــس از آن کــه 
ــد، از دریچــه ســقفی  ــر نمودن ــه موث ــوای داخــل را تهوی ه
خــارج شــوند. پيش بينــی دو دریچــه تاميــن هــوای خــارج 
ــل  ــی در فص ــای جانب ــر در دیواره ه ــالای 3 مت ــراز ب در ت
گــرم موثــر اســت؛ امــا در فصــل ســرد بایــد بســته باشــند.

ــی  ــقفی بازده ــه س ــا دریچ ــی ب ــه عرض 4. در کل تهوی
بيشــتری نســبت بــه تهویــه در طــول ســوله گاوداری دارد، 
لــذا حالــت تهویــه موثــر در عــرض ســالن، مطابــق وضعيــت 
12 منــدرج در جــدول 2 بهتریــن حالــت ممکــن می باشــد.

پی نوشتپی نوشت
1. Computational Fluid Dynamics (CFD)
2. Predicted Mean Vote (PMV)
3. Predicted Percentage of Dissatisfied (PPD)

تشکر و قدردانیتشکر و قدردانی
موردی توســ نویسندگان گزارش نشده است.

تعارض منافعتعارض منافع
نویسـندگان اعـلام می دارنـد کـه در انجـام ایـن پژوهـش 
هيچ گونـه تعـارض منافعـی بـرای ایشـان وجود نداشـته اسـت.

تاییدیه های اخلاقیتاییدیه های اخلاقی
نویسـندگان متعهـد می شـوند کـه کليۀ اصـول اخلاقی 
انتشـار اثر علمی را براسـاس اصول اخلاقـی COPE رعایت 
کرده انـد و در صـورت احـراز هـر یـک از مـوارد تخطـی از 
اصـول اخلاقـی، حتـی پـس از انتشـار مقالـه، حـق حـذف 

مقالـه و پيگيـری مـورد را بـه مجلـه می دهنـد.

منابع مالی/ حمایت هامنابع مالی/ حمایت ها
موردی توســ نویسندگان گزارش نشده است.

مشارکت و مسئولیت نویسندگانمشارکت و مسئولیت نویسندگان
در  مسـتقيم  به طـور  می دارنـد  اعـلام  نویسـندگان 
مراحـل انجـام پژوهـش و نـگارش مقالـه مشـارکت فعـال 
داشـته  و بـه طـور برابر مسـئوليت تمام محتویـات و مطالب 

می پذیرنـد. را  مقالـه  در  گفته شـده 
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