
 

University of Southern Queensland 

Faculty of Engineering and Surveying 

 

 

Computational Fluid Mechanics 

investigation of Ventilation aboard a 

Livestock Vessel 

 
A dissertation submitted by 

Jeremy Paul Outschoorn 

 

 

In fulfilment of the requirements of  

Courses ENG4111 and ENG4112 Research Project 

 

Towards the degree of 

Bachelor of Engineering (Mechanical) 

 

 

Submitted October 2005 



ENG4111/4112  Research Project 

 

____________________________________________________________________ 
 
CFM Investigation of Ventilation aboard a Livestock Vessel  Page i 
USQ, October 2005 

Abstract 

 

An investigation of the ventilation system aboard a livestock vessel was carried using 

a Computational Fluid Mechanics model. The heat transfer taking place within a 

compartment aboard the vessel was investigated in order to identify the potential for 

heat build up when high ambient air temperatures are experienced such as those 

prevalent during summer in the Middle East. 

 

The CFD model analysed the ventilation system within a typical enclosed livestock 

compartment within the hull of the vessel and was able to simulate the varying 

temperatures within the compartment incorporating the heat generated by the 

livestock and varied ambient air temperatures. The effect of increasing the air 

velocity and varying the angle of the supply air was also studied. 

 

The results showed that there was a significant heat build up in certain areas of the 

compartment. In order to ensure a habitable environment for animals when ambient 

the air temperature rises significantly the supply air velocity also plays an important 

part in maintaining lower temperatures.  
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1 - Introduction 

 

In recent times the live animal export trade in Australia has come under intense 

media and public scrutiny due the unfortunate fate met by livestock during and after 

their long journey from Australian farms to overseas markets principally in the 

Middle East. Animal welfare groups have also been actively lobbying the Federal 

Government for a number of years to ban the export of live animals in order to put an 

end to what they claim to be suffering and ill treatment of these animals both in 

transit as well as at their final destination. Events such as those surrounding the MV 

Cormo Express where 50,000 Australian sheep were stranded on board the vessel for 

three weeks when their discharge was refused in Saudi Arabia have gone a long way 

to reinforce this perception of suffering, stress and unnecessary agonising deaths to 

the livestock in transit. 

 

The flip side to this is however a very valuable and lucrative export trade that would 

be lost if the export of livestock were to be banned. According to LiveCorp the 

export trade is currently worth over $730 million annually in direct earnings to the 

Australian economy and is in decline from a peak of over $1 billion in 2002. The loss 

of this trade would have a significant impact not only on the agricultural industry but 

would also be felt throughout regional and rural communities of Australia who rely 

so heavily on primary production for their livelihood. 
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 2 - Project Aims 

 

The aim of this research project is to bring about a reduction in mortality rates aboard 

livestock vessels through improved thermal habitat and ventilation system design. 

 

In recent times this area of the livestock export infrastructure has been the subject of 

a substantial amount of research and investigation with a view to producing a 

favourable outcome in animal welfare and the reduction of mortality rates. In 

Australia, LiveCorp and Meat & Livestock Australia (MLA) have together initiated 

the majority of research in this field.  

 

As per the requirements of the courses ENG4111/ENG4112 Research Project, 

offered as part of the Bachelor of Engineering (Mechanical) program through the 

University of Southern Queensland further objectives of this project were to; 

 

• Apply Computational Fluid Dynamics software to produce a 2D model of the 

air and heat transfer mechanisms taking place within a livestock compartment 

on board a livestock vessel  

 

• Analyse the results in order to better understand the problems encountered in 

the removal of heat from these compartments in hot climates 
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• Vary the parameters that influence the heat transfer with a view to produce a 

favourable outcome in terms of comfort and habitat for the livestock. 

 

• Comment on the results and provide recommendations to possible improve 

the current arrangement taking into the various constraints 
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3 - Consequential Effects 

 

According to LiveCorp, livestock export mortality rates in 2003 were 0.11% for 

cattle and 0.99% for sheep amongst the 774,358 cattle and 4,748,386 sheep exported 

during that year. These mortality figures represent a loss of over 850 head of cattle 

and 47,000 sheep in a single year.  

 

The reduction in mortality rates among livestock during sea voyages and the 

improvement of animal welfare are two of the key consequential effects expected as 

outcomes from this project. While the need for improved animal welfare is a subject 

with broad social appeal, it is also the ethical responsibility of the industry to ensure 

that the animals exported are treated with due care and without undue suffering and 

stress. It is expected that the findings of this research will enable the implementation 

of changes that will bring about significant improvement in the well being of the 

animals transported in livestock vessels. 

 

The investment and cost of infrastructure for the transport of live animals is of 

substantial value, with the cost of converting a vessel for livestock transport costing 

anywhere between $30-40 million not including the vessel being converted, it is in 

the best interest of the livestock export industry to ensure the maximum returns from 

their investment.  
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Therefore it is expected that through a better understanding of environmental 

manipulation on board livestock vessels, ship owners will be able to deliver stock in 

far better health and with minimal losses en-route to their destination. The reduction 

in mortality rates will therefore have a direct impact on profitability of the live export 

trade. 
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4 - Background  

 

Livestock export encompasses the movement of live sheep, cattle and goats from 

Australian farms to overseas markets.  

 

According to LiveCorp, which is a government legislated organisation funded by the 

livestock export industry, in 2004 Australia exported in excess of 600,000 head of 

cattle, 3,000,000 head of sheep and 50,000 head of goat respectively. 

 

The destinations for these animals were quite varied and dependent on their intended 

use. The principal buyers of sheep were countries in the Middle East such as Jordan, 

Oman, the United Arab Emirates (UAE) and Israel as well as countries in South East 

Asia such as Malaysia, Singapore and Brunei. 

 

Principal buyers for breeder cattle were Indonesia, Malaysia, Philippines, Jordan, 

Japan, Israel and Brunei while dairy cattle were mainly exported to China, Mexico, 

Kuwait and the UAE. The export of dairy cattle is a new and emerging export and is 

seen as a having a lucrative potential for future growth within the Asian region. 
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4.1 - The Process of Livestock Export 

 

The stages in the Livestock export process by sea (LiveCorp, 2004) are: 

• Selection of stock for export 

• Road transportation to assembly depot or feedlot close to port 

• Assembly, monitoring and preparation for export at feedlot 

• Road transportation to vessel from feedlot 

• Loading aboard vessel  

• Shipment 

• Discharge 

 

The stock is generally transported by road during the first phase of their journey 

using purpose built trailers towed by prime movers in b-double or road train 

configuration.  With sheep and goats these trailers are typically loaded in a multi-tier 

arrangement. The animals are not usually physically restrained but their movement 

within the trailer is restricted through sufficient loading density and barriers. This is 

to prevent injury to the animals during transit. While these journeys vary in length 

the animals are found to suffer some degree of stress regardless, during the process. 
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Figure 4.1 - Road Transport of Sheep 

 

 

Larger animals such as beef and dairy cattle are typically transported in single or 

double level trailers. The cattle are housed in individual compartments within the 

trailer for their road journey. This prevents the cattle from injuring one another and 

also minimises the possibility of damage during transit. 

 

The livestock once at the feedlot or assembly depot are held for a period of time, 

which can range from a few days to a month until sufficient numbers are 

accumulated to meet the loading requirements of the vessel. While at the feedlot the 

animals are continuously monitored and health checks are carried out regularly. 

From the feedlots the animals are once again transported by road and housed in 

holding pens at the port or loaded direct from their trailers onto purpose built 

livestock transport vessels for their sea journey to their destination. 
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Figure 4.2 - Loading of Sheep 

 

4.2 - Livestock Vessel Design 

 

Livestock vessels are a class of ships that are designed for and used primarily for the 

transport of live animals. There are three main types of livestock vessels currently in 

use. 
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4.2.1 - Enclosed Deck Vessels 

 

Figure 4.3 - Enclosed Deck Vessels 

(From www.meyerwerft.de) 

 

These vessels are typically car carriers or car ferries that have been converted for the 

purpose of carrying livestock. They have large enclosed clear decks within the 

superstructure of the vessel and therefore they are considered a good platform for the 

installation of stock pens within these decks. Forced mechanical ventilation systems 

are also typically in place however upgrading of the extraction and supply may be 

necessary due to the respiration and heat generated by the livestock housed within 

their pens. An advantage of this type of vessel is the isolation of the animals from the 

elements. This allows for stricter control of their environment and habitat to a greater 

extent than in vessels of the open type design however they are totally dependant on 

the mechanical ventilation systems for their survival. 
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According to Meyer Werft, a German shipyard that converts vessels for livestock 

transport, the latest vessels typically feature automatic feed, watering and waste 

disposal systems. 

 

4.2.2 - Open Deck Vessels 

 

Figure 4.4 - Open Deck Vessels 

(From www.meyerwerft.de) 

 

Open deck vessels were more commonly built in the 1970’s and 1980’s and are 

typically tankers, bulk carriers or container vessels converted for livestock transport 

by the construction of a stock house on their foredeck. The stock house is usually 

open to the elements at their sides and therefore control of the environment has a 

different approach than that of enclosed type vessels. 

 

The open design allows for the passage of fresh air through the stock house and 

therefore the ventilation system may be of a lesser capacity than that of enclosed type 

vessels and only supplied to pens at the centre of the stock house. These vessels too 

feature automated feed, watering and waste disposal systems on those built more 
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recently however the older vessels of this type still in operation are not as well 

equipped. 

 

4.2.3 - Combined Deck Vessels 

 

 

Figure 4.5 - Combined Deck Vessels 

(From www.sibaships.com) 

 

Purpose built livestock vessels that are of more recent constructions tend to have 

both open as well as enclosed decks for animal transport. The open decks are usually 

situated above the main freeboard deck and utilise the advantages of natural 

ventilation where possible. This reduces the number of ventilation fans required 

compared to fully enclosed vessels.  

 

In order to maximise the usage of available space, the hull spaces are also utilised for 

livestock transport and these will be typically enclosed spaces relying upon 

mechanical forced supply as well as exhaust fans for their air changeover. 
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4.2.4 - Pen Design 

 

The configurations of stock pens on board both types of vessels vary depending on 

the type of stock being carried. The enclosures are typically built with galvanised 

steel or aluminium tubing grids and feature specially coated deck surfaces as well as 

interlinked passageways for the efficient loading and unloading of stock. The pen 

arrangements are easily configured from enclosures with a small area to larger ones 

by connecting adjacent pens to each other. 

 

 

Figure 4.6 - Pen Design 

 

The number of animals that can be loaded within each pen is regulated by the 

Australian Maritime Safety Authority (AMSA) as well as the Australian Quarantine 

Inspection Service (AQIS) who also play an integral part in the regulation of the 
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livestock export industry. This loading density is based on the liveweight of the 

animals and also the ventilation capacity of the vessel. 

 

 

4.3 - Ventilation System Design 

 

Ventilation design aboard livestock carriers is of key importance as it has a direct 

impact on the health and wellbeing of the stock while in transit particularly where the 

vessels are sailing to hot climates such as the Middle East.  

 

Typically ventilation systems comprise of a network of ducts carrying fresh air into 

the stock house, force fed through the use of large mechanical ventilation fans. These 

fans are usually electrically driven and supplied via the ships auxiliary engines or 

generators.  

 

The Australian Maritime Safety Authority regulates the suitability and seaworthiness 

of vessels carrying livestock from Australian ports. AMSA Marine Orders Part 43 

‘Cargo & Cargo Handling – Livestock’ covers a comprehensive range of criteria that 

need to be complied with in order to obtain a licence to export livestock aboard 

ships. In particular Appendix 4 of Part 43 ‘Livestock Services’ provides details of the 

required ventilation arrangements as well as the mandatory number of air changes 

per minute required by the ventilation system within the stock house in order to 

ensure the welfare of the livestock. These are however the minimum requirements 

and may not always provide the ideal conditions in the event of extremities in 
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weather or special requirements for animals that may be suffering stress. AMSA 

Marine Orders Part 43, Appendix 4 ‘Livestock Services’ is provided in Appendix B 

of this document for reference. 

 

According to Dr. Tony Brightling (RSPCA, 1999) bulk supply of fresh air through 

mechanical ventilation fans in to animal areas is not sufficient to provide a healthy 

animal habitat. The ventilation system should be designed such that it provides for 

heat and moisture exchange in hot and humid climates, removal of ammonia and 

differential ventilation for different areas of the animal house to cater for higher risk 

stock. These factors along with watering systems to spray stock suffering from heat 

stress and the effective disposal of dung to reduce heat and moisture build up are 

requirements for providing a suitable shipboard environment for long sea voyages. 

 

 

4.4 - Transport Stress 

 

Transport stress is a physiological change in the condition of an animal caused by the 

need to adapt to rapid changes in its environment. According to a MLA and James 

Cook University joint study on transport, stress manifests itself as 

• Loss of bodyweight 

• Dehydration 

• Reduced feed intake 

• Physical injuries 
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• Respiratory disease 

 

The causes and stressors in the transport of animals are identified as: 

• Behavioural stress caused by restraint, overcrowding and mixing results in 

fear and aggression.  

• Nutritional stress caused by fasting resulting in hunger and dehydration. 

Physical stress caused by mixing, overcrowding and weather extremes 

resulting in bruising injury and hypothermia 

• Infectious stress caused by dust and exposure resulting in respiratory disease  
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5 - Literature Review 

 

LiveCorp is a government legislated organisation that is funded by the livestock 

exporters and producers, and along with Meat & Livestock Australia shares the 

responsibility of managing and promoting the live animal export trade in Australia. 

These two organisations have also pioneered a significant amount of research into 

various facets of improving the livestock export trade and this research has also 

encompassed the effects on animal welfare and ways to improve it. 

 

 

5.1 - Case Study No.1 

 

In 2000, a study designated Project Number SBMR.002 was initiated into the 

efficacy of ventilation aboard livestock vessels. The study included a research 

veterinarian accompanying six voyages between Australia and the Middle East for 

the purpose of observation and recording data. The work was undertaken by MAMIC 

Pty Ltd and was jointly funded by LiveCorp and Meat & Livestock Australia. The 

findings of the study were published by Meat & Livestock Australia in July 2001 in a 

final report entitled ‘Investigation of the Ventilation Efficacy on Livestock Vessels’. 

The findings of the project suggest that there are a number of key airborne pollutants 

which can adversely affect the health of the livestock while they are onboard the 

vessels.  
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Heat has been the main factor that influences the design and effectiveness of the 

ventilation systems and the principal source of heat in enclosed spaces is livestock 

derived. By measuring the overall heat balance between the exhaust air and intake air 

a metabolic heat rate was derived for each type of stock of carried on the six 

voyages. Of particular relevance to this project is the heat generated by sheep which 

was found to be 3.2 W/kg in live weight. 

 

The second biggest heat source was found to be generated by the intake air fans as 

the heat generated by the fan motor was carried into the compartment with the supply 

air and was found to add between 5 to 15% of the heat generated by the livestock. 

 

Radiated heat from adjacent walls and ceilings was also found to be a contributory 

factor to heat build up within the livestock compartments. Engine Room and Fuel 

Tank bulkheads along with exposed decks exposed to weathering directly above the 

compartment were the most common sources of radiated heat. 

 

Interestingly water vapour was also considered as a pollutant even though it is not 

considered such in an environmental sense. The reason for this is that an increase in 

moisture dissolved in the air reduces the evaporative heat loss. Animal respiration 

and sweating significantly added to the already high relative humidity levels 

experienced during the sea voyages in the Middle East and were in the order of 65 to 

85%. 
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Carbon Dioxide, Ammonia, Methane and noise were also considered for their effect 

on animal comfort. Carbon Dioxide generation is directly related to metabolic 

activity and the level of Carbon Dioxide in the exhaust air stream was found to be a 

good pollutant indicator as it provided a direct measure of the ratio of upstream live 

weight to airflow rate. Ammonia rates were found to be generally higher than that 

recommended for animal housing and its possibility of being a contributory stressor 

to heat stress was noted. Methane levels were found to be well below explosibility 

limits and thus not considered any further. Noise within the compartments was 

mostly caused by the ventilation system itself however no adverse effects on the 

livestock were noted. 

 

Stocking density is governed by the Australian Maritime Safety Authority (AMSA) 

Regulations (Marine Orders 43) and dictates the allowable loading density and was 

found to provide a constant live weight per area of approximately 275 kg/m2 and is 

important not only for freedom of movement but also for ventilation efficiency. As 

heat is the principal pollutant to be removed by the flow of air, a reduction in the 

stocking density will produce similar results to increasing the ventilation rate. This is 

due to the fact that heat generation is directly proportional to the live weight of 

animals within the compartment. 

 

The current AMSA Marine Orders 43 also has regulations for ratio of the supply air 

flow rate to the compartment volume space expressed as air changes per hour. 

According to the regulations a larger compartment volume would thus require a 
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higher air change per hour. However, high ceiling heights lead to larger compartment 

volumes for a given deck area and this contradicts with loading density which is 

related deck area and not compartment volume. It was therefore suggested that the 

term ‘Pen Air Turnover’ (PAT) which is the ratio of air flow rate per deck area with 

the unit of metre per second (m/s)  or air volume per hour divided by pen area, would 

be a more appropriate measure of ventilation requirement. 

 

Residual time and recirculation were also found to be important factors in the 

measure of ventilation efficiency. When air from one compartment exhausts into 

another compartment which has its own supply air the time taken for the original air 

to reach the atmosphere is called residual time. Recirculation refers to the effect of 

exhaust air exiting a compartment being captured and ingested by the intake air 

which is being supplied to a compartment. This has the effect of reducing ventilation 

efficiency and if a compartment has 50% recirculated air its ventilation capacity is 

reduced by half and pollutant concentration effectively doubled. 

 

The effect of airspeed on the comfort of the animals was seen to have particular 

importance. The study observed that animals provided with localised jetting of air 

showed significantly less respiration rates than those with significantly less or no air 

movement within a compartment. Increasing air speed was shown to decrease the 

skin temperature required to reject metabolic heat. The effect of air speed on the 

comfort also has particular relevance to this project as the CFD model was used to 

analyse the effect of higher air speed on the temperature distribution. 
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The effects of breed, size and acclimatisation were also considered in the report but 

since they are not directly related to this project they are not mentioned any further. 

 

A number of attempts to define a comfort index for livestock were discussed 

however it was found that Wet Bulb Temperature was a particular good index of 

measure and suited to shipboard use as it is easy to measure with inexpensive readily 

available equipment.  

 

The principal findings of the study relevant to this project and in relation to the above 

factors were as follows; 

 

• Wet bulb temperature was found to be a good measure of comfort index for 

animals aboard livestock vessels. 

• Air movement is of high importance and the air speed could be used to 

calculate an ‘adjusted’ wet bulb temperature. 

• Pen Air Turnover (PAT) is a preferable unit of measure for ventilation 

requirement than the current air changes per hour enforced by AMSA MO43. 

• Recirculation of exhaust air is a serious cause for lower ventilation system 

performance and should be measured to downgrade the surveyed air turnover. 

• Sheep generate a metabolic heat at a rate of 3.2 W/kg live weight. 
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• Carbon Dioxide is a good tracer for assessing the effectiveness of the 

ventilation system. 

• A risk range was put forward for a given wet bulb temperature and sheep 

were found to be generally safe from heat stress below 26°C, caution should 

be exercised when temperatures are between 26 - 29°C and the sheep are 

likely to be in danger when temperatures are in excess of 29°C. 
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5.2 - Case Study No.2 

 

Project LIVE.116 was initiated by LiveCorp and Meat & Livestock Australia as a 

follow on from Project SBMR.002. The project was carried out by Maunsell 

Australia Pty Ltd and a report titled ‘Development of a Heat Stress Risk 

Management Model’ was published in December 2003. 

 

The objective of the project was to develop a heat stress risk management model 

through data analysis, mathematical modelling and software development. The 

resulting ‘HS’ software provides an automated method to estimate the risk of 

mortality aboard livestock vessels due to heat stress on voyages from Australia to the 

Middle East and is currently in use by livestock exporters. The model takes into 

account the weather at the destination and en route, animal acclimatisation, coat and 

condition as well as the ventilation characteristics of the ships to predict the expected 

mortality rate and therefore loading densities and to some extent voyage planning 

can be implemented to minimise the risks. 

 

The model for enclosed deck risk estimation was stated to depend on the type, breed, 

coat, condition, acclimatisation and weight of the livestock. It was also related to 

PAT of the vessel, the time of year of the voyage, the voyage route, destination port, 

duration of transit and stay in critical zones identified in the weather data. 
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A thorough investigation of available climatic data for the key Middle Eastern ports 

of disembarkation was carried out and presented. This area includes the Persian Gulf, 

the Gulf of Oman, the Red Sea, the Gulf of Aden, the Arabian Sea and the Indian 

Ocean.  It was noted that available data varied in quality and accuracy and that data 

measurement in some cases was from location inland of the coast thus may not 

present accurate values for conditions at sea. 

 

However the report did in fact provide a valuable source of tabulated wet bulb 

climatic data for all principal ports of discharge in the Middle East for an entire year. 

The data shows that July, August and September are consistently the hottest months 

across the Middle East region and the 98th percentile wet bulb temperatures are close 

to or in excess of 30°C in most instances. 

 

The report also discussed the methodology used in the CFD modelling process and 

while the study made use of a 3D model as a basis for building a risk analysis 

software model it did provide a number of animal parameters that served as a 

guideline to this project. The schematic of sheep representation and the total 

metabolic heat rate in particular were obtained from this source. 

 

 



ENG4111/4112  Research Project 

 

____________________________________________________________________ 
 
CFM Investigation of Ventilation aboard a Livestock Vessel  Page 25 
USQ, October 2005 

6 - Data Collection 

 

In order to study the performance of a ventilation system on board a livestock vessel 

and also acquire a thorough understanding of the process and conditions faced during 

the livestock export process it was necessary to gather live data. The success and 

accuracy of this investigation was therefore reliant on access to a livestock vessel for 

study and for this purpose a visit was organised on board MV Becrux on the 29 and 

30 of August 2005 while the vessel loading in the port of Fremantle, Western 

Australia.  

 

 

6.1 - Vessel Details 

 

MV Becrux is one of the most recently built livestock carriers plying the route 

between Australia and the Middle East and has only been in service for three years. 

On this particular voyage she was carrying sheep from Fremantle, Western Australia 

to a number of ports in the Middle East. 

 

MV Becrux is a mono hull motor ship of welded steel construction which comprises 

both fully enclosed as well as open type livestock decks. Unlike most livestock 

vessels currently in service, MV Becrux was purpose built for livestock transport and 

is considered to be the most advanced within the industry.  
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The principal particulars of the vessel are as follows: 

 

Length Overall     176.70 m 

Breadth      31.10 m 

Depth (to Deck No.6)     14.53 m 

Depth (to Deck No.10)    24.08 m 

Design Draught     7.70 m 

Deadweight at Design Draught   10 800 tonnes 

Service Speed      19.80 knots 

 

 

Figure 6.1 - MV Becrux in the port of Fremantle 

 

Decks 1 through 5 within the hull of the vessel are fully enclosed while decks 6 

through 9 are of the open type. The Upper Deck (Deck 10) is the fan deck and all 
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ventilation supply and exhaust fans are located on this deck which is 24.080 m above 

keel and 16.380 m above waterline.  

The vessel features automated feed, watering systems and deck wash systems to 

ensure the survivability of the livestock on board. 

 

 

6.2 - Ventilation System 

 

The ventilation system on board consists of mechanical supply and exhaust fans 

located on the uppermost deck of the vessel and 84 ventilation columns extending 

from the Upper deck into the livestock areas. 34 columns (32 Supply + 2 Exhaust) 

stop above Deck No.6 and are for exposed deck ventilation only. The remaining 50 

ventilation columns (26 Supply + 24 Exhaust) provide mechanical ventilation 

exclusively for the enclosed spaces. The exhausting of air from the enclosed and 

exposed decks is also improved by openings in the corridors with plastic open grid 

protections to allow the through movement of air.  

 

All mechanical ventilation system electric motors are of single speed, non reversible 

type for open decks, while for the enclosed decks they are of reversible type. This 

provides for flexibility within the system as the most suitable combination for 

ventilation of enclosed spaces can be configured by switching the fans for either 

supply or exhaust air. 

 



ENG4111/4112  Research Project 

 

____________________________________________________________________ 
 
CFM Investigation of Ventilation aboard a Livestock Vessel  Page 28 
USQ, October 2005 

 

 

Figure 6.2 - Ventilation Fans located on Upper Deck 

 

The air changeover volume from each compartment is well in excess of that required 

by the Australian Maritime Safety Authority regulations for any given loading 

density with the system typically capable of 60 air changes per hour from the 

enclosed spaces. 
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Figure 6.3 - Typical Supply Air Column in an Enclosed Compartment 

 

 

 

Figure 6.4 - Typical Exhaust Air Column in an Enclosed Compartment 
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One feature of the supply air column that should be noted at this point is the 

arrangement of the supply air inlet opening and the method employed for directing 

air through the opening. As seen in Figure 6.5 the openings feature a baffle plate at a 

45° angle to the flow in the column which is used to direct the flow of air through the 

opening. The angle of the baffle plate has and effect on the angle of the velocity 

resultant of the air entering the compartment. This angle has been referred to as the 

‘supply air stream angle’ in later sections of this document. 

 

 

Figure 6.5 - Baffle Plate in Supply Air Column 

 

 

6.3 - Compartment Arrangement 

 

It was most appropriate to investigate the heat transfer taking place in one of the fully 

enclosed compartments which are located in the hull of the vessel as these 

compartments are totally reliant on the mechanical ventilation system for their air 
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supply. Deck No.4 (Aft) was chosen as a suitable compartment for study as it had 

enclosed decks above and below and also proved to be a convenient choice with the 

loading schedule at the time of the visit. 

 

 

Figure 6.6 - Deck 4 (Fwd) Compartment prior to loading 

 

Each enclosed deck within the hull is divided into two compartments, one aft and one 

fwd, and each of these compartments spans the breadth of the vessel. The floor space 

within each compartment is further divided into a series of pens and corridors. The 

arrangement of these pens can be easily changed as the barriers separating the pens 

are removable. Thus it is possible to contain animals within a single pen or provide a 

larger single space by opening the barriers through adjacent pens. 
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Each compartment has a single central loading ramp for the movement of stock in 

and out of the compartment. 

 

 

Figure 6.7 - Deck 4 (Fwd) Compartment after loading 

 

6.4 - Readings 

 

A series of readings were taken over a period of hours while the vessel was loading 

in port.  

 

The data gathered included; 

• Size of ventilation supply and exhaust openings  

• Supply and Exhaust air velocity entering the compartment 

• Supply and Exhaust air temperature 
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• Relative Humidity 

• Ambient air temperature  

• Number of animals per pen 

• Body temperature of animals in pens 

• Temperature of surrounding walls and decks 

 

Two sets of readings were taken in the early afternoon before the vessel was loaded. 

This was to acquire a point of reference for the readings to be taken when the 

compartment was loaded. It also provided the opportunity to decide on which 

compartment and pens would be the most suitable for study which was also 

dependant on the loading schedule.  

 

As second set of readings was taken at approximately 8:00pm at night immediately 

after Deck 4 (Fwd) was loaded. Two further readings were taken at 6am the 

following morning after the animals had been on board overnight. This was to allow 

the heat load within the compartment and ensure the accuracy of the readings. 

 

Please refer Appendix C for the table of readings taken. 
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6.5 - Measurement Techniques 

 

Two instruments were used to gather the readings required for the CFD analysis.  

 

A TSI 8386 Velocicalc hot wire anemometer was used to take readings of air 

velocity, dry bulb air temperature, wet bulb temperature and relative humidity. The 

air velocity was measured at a number of supply and exhaust column openings 

within each compartment and also at a number of points across each opening. For the 

final analysis when the appropriate pen for study was chosen, this allowed 

comparison with values measured at other locations. The values used are average air 

velocities for the supply and exhaust columns under investigation. 

 

A Raytek MX4+ infrared thermometer was also used to measure the surface 

temperatures of the animals, the ship walls, decks, ceilings and ventilation column 

surfaces in order to check for the possibility sources of heat in addition to the 

livestock within the compartment. 

 

The specification sheets for the instruments used are provided in Appendix D. 
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7 - Methodology 

 

The following chapter details the process involved in building and analysing the 

FLUENT model. 

 

 

7.1 - CFD Modelling Rationale 

 

Computational Fluid Dynamics or CFD is the science of using a numerical process to 

predict the flow of a fluid, mass transfer, heat transfer or chemical reactions by 

solving mathematical equations that govern the physical laws such as the 

conservation of mass and momentum and energy equations. 

 

The use of CFD analysis to solve problems related to fluid flow and heat transfer has 

a number of distinct advantages. With the use of a numerical model many scenarios 

can be investigated through simulation rather than physical means. This has obvious 

cost and safety advantages not only for dangerous and complex processes but also for 

any problem involving fluid flow and heat transfer. The use of CFD has been widely 

adopted in industry today and has been shown to greatly reduce cost and time in the 

design process with excellent correlation of results. 
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FLUENT is one of many CFD analysis tools that are commercially available at 

present and was selected for use in this investigation due to its availability through 

the Faculty of Engineering and Surveying. FLUENT provides modelling capabilities 

for incompressible, compressible, laminar and turbulent fluid flow problems and also 

various modes of heat transfer including natural, forced and mixed convection can 

also be modelled. FLUENT solves conservation equations for mass and momentum 

for all flow flows and the following forms of the equations are quoted in the 

FLUENT User Guide.  

 

The general form of the conservation of mass equation valid for incompressible as 

well as compressible solved by FLUENT in the following form; 

 

( ) mS
t

=∇+
∂
∂ νρρ r.     (7.1) 

 

Where mS  is the mass added to the continuous phase from the dispersed second 

phase and any user defined sources. 

 

Similarly the conservation of momentum equation is quoted as; 
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Where p  is the static pressure, τ is the stressor tensor, grρ  the gravitational body 

force and F
r

are the external body force. 

The stress tensor τ  is given by 

 

⎥⎦
⎤

⎢⎣
⎡ ∇−∇+∇= IT νννµτ

rrr
.

3
2)(    (7.3) 

 

Where µ  is the molecular viscosity, I  is the unit tensor and the second term on the 

right hand side is the effect of volume dilation. 

 

The transfer of thermal energy from one matter in space to another is termed heat 

transfer and this process takes place through conduction, convection or radiation.  In 

order to analyse the heat transfer FLUENT solves a variation of the energy 

conservation equation in the following form; 

 

h
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Where effk  is the effective conductivity and jJ
r

  is the diffusion flux of species j . 

The first three terms on the right hand side of the equation represent energy transfer 

due to conduction, species diffusion and viscous dissipation respectively. hS includes 

the heat of chemical reaction, and any other user defined volumetric heat source. 
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The CFD analysis process is typically made up of three fundamental steps to solve 

most problems. These steps are; 

 

• Problem identification and pre-processing, where goals for the analysis are 

laid out, the domain to be modelled is identified and the mesh is created. 

• Solver execution stage where the numerical model and boundary conditions 

are defined and the solution is computed 

• Post-processing where the results are analysed and changes to the model are 

considered and implemented is required. 

 

The pre processing stage of the FLUENT analysis requires the use of a geometry 

modeller and the GAMBIT was used for this purpose. Gambit uses a Graphic User 

Interface (GUI) to help with this process. 

 

 

7.2 - The Compartment Model 

 

In order to understand the effects and mechanisms of the heat build up within a 

livestock compartment due to climatic change when vessel approaches the Middle 

Eastern region which results in increased ambient air temperatures, a single 

compartment was chosen for analysis. The compartment was typical of those located 

within the hull of the vessel on a fully enclosed deck and was to provide a 
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representative indication of the conditions that can be expected within other 

compartments on the vessel for similar environmental conditions. 

 

Due to constraints in time and resources the FLUENT analysis was to be of a 2D 

model of a single livestock compartment within the hull of the vessel. This 2D model 

was to depict the heat transfer taking place within a one metre unit depth of the 

compartment.  

 

The first step after identifying a suitable compartment within the vessel during the 

data gathering stage was to define the physical parameters of the domain. A CAD 

drawing of the compartment cross section was prepared in order to define the 

problem to be analysed and can be referred in Appendix E 

 

Only one side of the vessel was to be modelled as each compartment was 

symmetrical across the vessel centreline. The cross section has a single supply air 

column bringing fresh air into the domain and a single exhaust air column to remove 

air from the domain. Simple geometric shapes have been used to depict the physical 

area occupied by the livestock and these shapes have been replicated within the 

compartment to distribute the effects of heat generation similar to that of the actual 

situation.  

 

GAMBIT is a software package used for building and meshing models for 

computational fluid dynamics analysis using FLUENT as well as a number of other 
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software packages. The GAMBIT software simplifies the basic steps of building, 

meshing, and assigning zone types to a model. 

 

In order to build the GAMBIT mesh of the compartment the CAD cross section was 

further simplified and geometrical shapes were chosen to represent the supply air 

inlet, the exhaust outlet and the animals within the compartment. The supply air 

column has two inlets into the domain which separated by the diameter of the 

column. The exhaust column has only one outlet which is at the front face of the 

exhaust column. The animals were modelled to only account for their greater heat 

generating surfaces and thus their limbs were ignored in the model. The distribution 

of the animals accounts for the specific loading density of the compartment being 

analysed but positioning within the compartment is representative only. 

 

Figure 7.1 - Schematic of Sheep Representation 

 

Quadrilateral elements with a Pave type grid were used to mesh the model. 
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The complete GAMBIT generated mesh of the compartment can be viewed in 

Appendix F. 

 

 

7.3 - Assumptions 

 

As mentioned previously the model is a 2D analysis and thus a number of 

assumptions have been made to simplify the model and analysis. The first and 

foremost assumption in a 2D model is that all fluid flow is the x-y the plane and there 

is no z component t the flow. A steady incompressible flow has also been assumed 

with no change in properties with respect to time.  

 

The effects and influence of radiation heat transfer have been neglected in this 

analysis due to the predominance of forced convection caused by the high air 

velocities within the compartment. Also during data gathering there was a lack of 

evidence to suggest the presence of bodies that would emit a high degree of radiated 

heat such as engine room bulkheads or exposed decks within the proximity of the 

compartment under investigation. 

 

I t is also important to note that in this analysis that effects of airborne water vapour 

or humidity have not been considered due to time and resource constraints. Therefore 

all heat transfer does not include any evaporative cooling effects which are 
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dependant on the relative humidity of the air. As such all air temperatures quoted in 

this investigation are dry bulb temperatures unless otherwise stated. 

 

 

7.4 - Analysis 

 

Once the compartment mesh was generated and the initial condition defined as 

measured during the visit on board the vessel there were a series of 6 cases analysed 

in total. The basis for deciding on the cases for analysis was the varying of 

parameters to investigate the effects of rising ambient air temperature and also 

looking at possible changes to the existing ventilation arrangement to improve the 

conditions within the compartment. A summary of the cases analysed in FLUENT 

are listed in Table 7.1. 
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Case Description Ambient Air 

Temperature 

(°C) 

Air Velocity 

 

(m/s) 

Supply Air 

Stream angle 

0 Measured condition 13.5 10.5 45° 

1 Increased Air Temp 32.0 10.5 45° 

2 Varied angle of Supply 32.0 10.5 60° 

3 Varied angle of Supply 32.0 10.5 30° 

4 Increased velocity 32.0 12.5 30° 

5 Increased velocity 32.0 12.5 45° 

 

Table 7.1 - Cases Analysed in FLUENT  

 

7.4.1 - Case 0 

 

This condition represents the initial ‘as measured’ condition of the compartment. 

Through later stages of the analysis while varying the parameters to investigate the 

possibility of reducing the heat build up within the compartment it became apparent 

that the stream angle of the supply air had a significant effect on the temperature 

distribution. The 45° stream angle refers to the existing arrangement on the vessel as 

mentioned in Section 6.2. 
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7.4.2 - Case 1 

 

This case investigates the effect of an increase in ambient air temperature. As 

reported by MLA LIVE.116 (2003, page 15) the mean wet bulb temperatures in the 

north of the Persian Gulf the during the months June to September approach 26°C 

and maximum values regularly exceed 33°C. Therefore it was considered a 

reasonable assumption to use a dry bulb temperature of 32°C as a benchmark to 

study the variations of heat within the compartment at this elevated temperature. 

 

7.4.3 - Case 2 

 

This case investigates the effect of varying the supply air stream angle to 60° down 

from the horizontal. This would result in the air being directed towards the deck and 

the backs of the animals in the immediate proximity of the supply air column. 

7.4.4 - Case 3 

 

This case investigates the effect of varying the supply air stream angle to 30° down 

from the horizontal. This would result in higher velocities further away from the 

supply air column opening. 
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7.4.5 - Case 4 

 

This case investigates the effect of increasing the supply air velocity by 2m/s with a 

supply air stream angle of 30° down from the horizontal. This is to analyse the effect 

of directing higher velocities further away from the supply air column. 

 

7.4.6 - Case 5 

 

This case investigates the effect of increasing the supply air velocity and retaining 

the current arrangement with a supply air stream angle of 45°. 

 

 

7.5 - Boundary Conditions 

 

Boundary Condition definition in CFD analysis is of significant importance in order 

to generate a simulation that closely replicates the physical model. The boundary 

conditions define the variables that govern the flow of fluid and heat. The boundary 

conditions used to define the variables in the FLUENT compartment model were 

velocity inlet, pressure outlet, symmetry and wall. The following tables provide a 

summary of boundary conditions used in the model. 
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Boundary Name Type Velocity 

Method 

 

Velocity 

Magnitude 

(m/s) 

Turbulence 

Method 

Turbulence 

Intensity 

(%) 

supply-air-inbd  Velocity 

Inlet 

Magnitude 

& 

Direction 

10.5 / 12.5 Intensity & 

DH 

10 

supply-air-outbd Velocity 

Inlet 

Magnitude 

& 

Direction 

10.5 / 12.5 Intensity & 

DH 

10 

 

Table 7.2 - Velocity Inlet Boundary Conditions 

 

Using magnitude and direction for the velocity inlet boundary condition allowed the 

angle of the supply air to be varied as discussed in the case definitions. Two values 

were used for magnitude as mentioned. 

 

Boundary Name Type Gauge 

Pressure 

(Pa) 

Backflow 

Temp. 

(°C) 

Turbulence 

Method 

Turbulence 

Intensity 

(%) 

exhaust  Pressure 

Outlet 

0 13.5 / 32 Intensity & 

DH 

10 

 

Table 7.3 - Pressure Outlet Boundary Conditions 

 

The exhaust was defined as a pressure outlet and the gauge pressure at the position of 

the exhaust outlet within the model was defined as per the above table.  
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Boundary 

Name 

Type Thermal 

Condition 

 

Heat Flux 

 

(W/m²) 

ch  

 

(W/m².K) 

Free Stream 

Temperature

(°C) 

ceiling Wall Heat Flux 0 - - 

deck Wall Heat Flux 0 - - 

internal-walls Wall Heat Flux 0 - - 

livestock Wall Heat Flux 168 - - 

ship-side Wall Convection - 23.6/23.1 13.5 / 32 

 

Table 7.4 - Wall type Boundary Conditions 

 

The livestock shapes were defined as a wall type boundary that produced a set heat 

flux within the domain. The calculation for this as well as the convection heat 

transfer from the ship side is detailed in the following section. 

 

 

7.6 - Calculations 

 

The following calculations were used to determine boundary condition values for use 

in the FLUENT analysis. 
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7.6.1 - Heat Flux generated by livestock 

 

Number of Sheep per Pen   = 60 

Floor Area of Pen    = 17.6m2 

Sheep Stocking Density   = 
6.17

60    

= 3.4 animals per m² 

Sheep per metre depth in model  = 
1
4.3  

      = 3.4 animals per m 

Width of stock pen in model    = 4.5m 

Sheep per stock pen in model   = 4.5 x 3.4 

      ≈ 16 animals 
 
 

 

Figure 7.2 - Schematic of Sheep Model 

 



ENG4111/4112  Research Project 

 

____________________________________________________________________ 
 
CFM Investigation of Ventilation aboard a Livestock Vessel  Page 49 
USQ, October 2005 

As per Figure 7.2 each sheep modelled in the compartment represents 4 animals 

standing side by side. As per stocking density this equates to 16 animals per metre 

depth of each modelled pen. Also refer Figure 7.1. 

 

Perimeter of modelled sheep  = 0.305m 

Cross section area of side of sheep = 0.362m² 

Surface area per modelled sheep = (0.362m² × 2) + (0.305m × 0.25m) 

     = 0.8m² 

Heat Flux from surface of sheep = 3.2W/kg × 40kg 

     = 128W per sheep 

Area exposed to convection  = 0.305m × 0.25m 

     = 0.076m² 

Convection surface area  ≈ 10% of total surface area per sheep 

Heat Flux from exposed surface = 12.8W per animal 

Heat Flux from animals side by side = 4 × 12.8W 

     = 51.2W 

Heat Flux per m²   = 
²305.0

2.15
m

W  

     = 168W/m² 
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7.6.2 - Heat Transfer Coefficient at Ship Side 

 

Due to one side of the compartment being bounded by the side of the vessel it was 

necessary to estimate a heat transfer coefficient for the heat transfer to or from the 

atmosphere through the side of the vessel. 

 

As per Table C.1 in Appendix C, 

Maximum free stream velocity, ∞U   =  5 m/s   

Height of compartment at ship side  = 2.45m 

Depth of compartment, D    = 1m 

 

For Dry Air at 13.5°C, 

Kinematic Viscosity, ν    = 15.115×10-6m²/s 

Thermal Conductivity, k   = 0.02465W/m.K 

Reynolds Number, DRe    = 
ν

DU∞   

= 
sm

msm
/²10115.15

1/5
6−×

×  

      = 330797 

For flow normal to a flat plate, 

Nusselt Number, DNu     = 
k
Dhc  = 3/2)(Re20.0 D  

      = 3/2)330797(20.0  

      = 956.62 
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Heat Transfer Coefficient, ch    = 
D

kNu D ×  

= 
m

KmW
1

./02465.062.956 ×   

= 23.58W/m².K 

For Dry Air at 32°C, 

Kinematic Viscosity, ν    = 16.84×10-6m²/s 

Thermal Conductivity, k   = 0.02594W/m.K 

Reynolds Number, DRe    = 
ν

DU∞   

= 
sm

msm
/²1084.16

1/5
6−×

×  

      = 296912 

For flow normal to a flat plate, 

Nusselt Number, DNu     = 
k
Dhc  = 3/2)(Re20.0 D  

      = 3/2)296912(20.0  

      = 890.1 

Heat Transfer Coefficient, ch    = 
D

kNu D ×  

= 
m

KmW
1

./02594.001.890 ×   

= 23.09W/m².K 
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8 - Results 

 

This section looks at the post processing phase of the analysis and the comparison of 

the results obtained from analysing the cases discussed earlier. In order to compare 

the results from the different scenarios with one another it was important to have a 

common point of reference.  

 

Thus the following figures compare the temperature distribution within the 

compartment at a height of 1m above the deck. This height was chosen as it is 

approximately at the height of the backs of the animals and would provide a good 

idea of the comfort level likely to be experienced within the compartment where it 

counted most. 

  

 

8.1 - Effects of Air Stream Angle and Temperature Variation 

 

Figure 8.1 provides a comparison between the temperatures at 1 metre above the 

deck for the measured condition indicated by ‘reference-line’ against the distribution 

when the ambient temperature rises to 32°C represented by ‘reference-line-1’. As can 

be expected there is an upward shift in the curve however it is important to note the 

maximum values in this comparison. When the ambient temperature reaches 32°C 

the maximum temperatures within the compartment are likely to exceed 36°C closer 
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to the exhaust outlet and areas further away from the supply air inlet. This indicates 

that the animals in this area will be in significant discomfort and likely to be 

experience the effects of heat stress if the conditions prevail for any extended period 

of time.  

 

 

Figure 8.1 - Temperature – 13.5°C vs. 32°C Ambient Air 

 

The next stage in the analysis was to look at how best this maximum value could be 

reduced by varying the angle of the supply air within the compartment as a first step. 

As mentioned in the description of the ventilation arrangement, the supply inlet 

opening features baffle plates which angle the flow of air into the compartment. 
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Therefore by varying the angle of these baffle plates it possible to change the 

resultant of the air stream entering the compartment. The existing arrangement has 

the baffle plates at an angle of 45° and the temperature distribution when the ambient 

air temperature is 32°C is shown by ‘reference-line-1’ in Figure 8.2. ‘refence-line-2’ 

and ‘refence-line-3’ indicate the effect for 60° and 30° air stream angles respectively. 

As the comparison shows the 30° angle resulted in lower temperatures right across 

the compartment while the 60° angle caused the opposite effect and resulted in 

elevated temperatures. 

 

By looking at the Velocity Contour Plots in Appendix G for the corresponding cases, 

it can be observed that the 30° angle displayed higher air velocities further away 

from the supply air inlet unlike the 60° angle, which merely directed the air stream 

towards the deck in the immediate vicinity of the supply column. 

 

Therefore the net result for the 30° angle was a 3% reduction in the maximum and a 

generally lower temperature right across the compartment compared to the existing 

45° angle. The 60° angle produced an unfavourable result and was not considered 

any further. 
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Figure 8.2 - Temperature Distribution –Varied Supply Air Stream Angles 

 

 

8.2 - Effects of Supply Air Velocity Variation 

 

Having established that varying the supply air stream angle would produce a 

favourable result another parameter could possibly be varied on board the vessel is 

the supply air velocity and thus the effect of a modest 2m/s increase in supply air 

velocity was analysed in conjunction with the results of the air stream angle 

variation. Figure 8.3 provides a comparison of a 2m/s increase in velocity at 32°C 
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ambient air temperature and for a 30° air stream angle. ‘reference-line-3’ provides 

the temperatures for the existing supply air velocity and ‘reference-line-4’ that of the 

increased velocity. The result showed that a 2m/s increase would produce a further 

2% reduction in the maximum temperature experienced in the compartment and also 

a steady reduction in the temperature right across the compartment including the 

greatest reductions in the danger area closer to the exhaust outlet where temperatures 

are consistently higher in all cases investigated  

 

 

Figure 8.3 - Increased Supply Air Velocity at 32°C Ambient Air Temperature 
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Figure 8.4 therefore contrasts the net result of the increased supply air velocity and 

30° air stream angle shown by ‘reference-line-4’ to that of the existing arrangement 

shown by ‘reference-line-1’ both at the 32°C ambient air temperature. The effect of 

varying both the angle and velocity of the supply air was a 5% reduction in 

maximum temperature and consistently lower temperatures of similar magnitude 

right across the compartment. 

 

 

Figure 8.4 - Increased Velocity and 30° Air Stream Angle vs. Existing 

 

Figure 8.5 displays the effect of the two variations individually against that existing 

arrangement. ‘reference-line-4’ shows the revised air stream angle as well as the 
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increased supply air velocity. ‘Reference-line-5’ is an increase in air velocity only 

and ‘refernce-line-1’ is the existing arrangement. 

 

 

Figure 8.5 - Varied Parameters against Existing Arrangement 

 

 

8.3 - Errors 

 

In order to interpret the results of the analysis it also important to note that there were 

a number of difficulties faced in creating a simulation that completely replicated the 

physical model.  
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During data gathering, readings of the exhaust air velocities were taken at the outlet 

of the exhaust column however the velocities obtained in the FLUENT model were 

consistently higher at the exhaust outlet in all cases. The reason for this can be 

attributed to defining the exhaust outlet boundary condition as a pressure outlet with 

a gauge pressure of zero and fluent maintaining a mass balance within the domain 

with two inlets and only one outlet. Also in reality the supply and exhaust columns 

are staggered within the compartment and the effect of this separation could not be 

replicated in a 2D model. 

 

In addition to the velocities, the temperatures of the exhaust air in the FLUENT 

model at the exhaust outlet also did not accurately replicate the readings taken during 

the data gathering stage to some extent. The temperature at the lower corner of the 

outlet was similar to the measured values but the centre and upper areas of the outlet 

displayed much lower temperatures. 

 

In analysing the results of the simulation it is therefore important to note that a 2D 

analysis will provide us with a good indicative representation of the trends that can 

be expected however in order to completely replicate the physical model a more 

complex 3D analysis would be required. 
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9 - Conclusions 

 

The following findings and recommendations can be put forward from this 

investigation. 

 

9.1 - Project Findings 

 

By comparing the results of the various cases analysed the following conclusions can 

be drawn from this investigation.  

 

The compartment model displayed the potential for a significant build up of heat 

towards the outboard sides of the compartment in the immediate vicinity of the 

exhaust outlet. In the event that the ambient air temperatures rise to that of the 

simulated values, there is no doubt that animals in this area will be in significant 

discomfort and in danger of perishing. 

 

By varying the angle of the supply air stream it was possible to achieve a higher 

distribution of air velocities further across the compartment and this resulted in lower 

temperatures through a more efficient removal of heat. Also by further increasing the 

supply air velocities there was a further reduction in temperatures within the 

compartment.  
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Therefore it can be concluded that higher localised air velocities will in fact 

contribute to maintaining a more habitable environment in extreme conditions. While 

bulk volume and the mass of air supplied to a compartment are specified as 

importance in providing for the welfare of livestock, the air velocity also has a 

significant contributory effect in maintaining lower temperatures and comfort levels 

within a livestock compartment. 

 

 

9.2 - Recommendations 

 

While this investigation has been limited in scope to a certain extent the following 

recommendation can be put forward for the purpose of further investigation and 

possible improvement of the ventilation arrangement aboard the livestock vessel MV 

Becrux.  

 

• A more detailed 3D model to further study and analyse the efficiency of the 

ventilation system aboard the vessel taking into account the longitudinal 

separation of the supply and exhaust fans and also the effects of humidity 

within the compartment. 

 

• Modifying the supply air column baffle plates to direct air further across the 

compartment can have a noticeable effect on the removal of heat from the 

compartment as proven in the simulation. 



ENG4111/4112  Research Project 

 

____________________________________________________________________ 
 
CFM Investigation of Ventilation aboard a Livestock Vessel  Page 62 
USQ, October 2005 

 

• A more comprehensive solution however would be to provide a series of 

branch ducts from the supply air column that will provide localised jetting of 

air towards the outboard areas of the compartment. 

 

It is understood that implementing changes to the vessel is entirely at the discretion 

of the operators and that making significant changes to the existing ventilation 

system is not economically viable however the author is confident that the suggested 

improvements will see an economic benefit in terms of lower mortalities due to heat 

stress and also a better habitat to sustain the health of the animals while in transit. 
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University of Southern Queensland 

Faculty of Engineering and Surveying 

 

ENG4111/2 Research Project 

PROJECT SPECIFICATION 

 

For:   Jeremy Paul Outschoorn (0011123170) 

Topic: Computational Fluid Mechanics investigation for aeration of 

ships used to transport cattle overseas 

Supervisor:  Dr. Ruth Mossad 

Project Aim: To reduce mortality rates aboard Livestock Carriers through 

improved thermal habitat and ventilation design. 

 

Programme:  Issue A, 21 March 2005 

1. Research background information regarding ventilation system design aboard 
livestock carriers. Literature search for work done in this area. 

 

2. Site visit aboard a Livestock Carrier to gather information on ventilation systems 
used, and problems faced. 

 

3. Analyse existing ventilation system and gather real time data if possible. 
 

4. Model existing system using FLUENT CFD software and compare with real time 
data gathered (if available) 

 

5. Vary parameters to see the effect on the performance of existing system 
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6. Present results, discussion and conclusion to recommend ways to improve the 
current system. 

 
 
As time permits: 

 

1. Implement change of parameters on existing system. 
 

2. Analyse real time results. 
 

 

Agreed: 

 

 

 

______________________________ (Student) _________________________ 

(Supervisor) 

 

____/____/____     ____/____/____ 
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Readings 
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READING NO. 1 2 3 4 5
TIME 15:00 15:45 20:00 6:00 6:30

DATE 29-Aug-05 29-Aug-05 29-Aug-05 30-Aug-05 30-Aug-05

SUPPLY AIR
LOCATION FR.111 (S) FR.91(S) FR.111 (S) FR.111 (S) FR.111 (S)

VELOCITY (m/s) 11.5 12.0 10.5 10.5 11.0

TEMPERATURE (°C) 17.6 18.1 16.6 13.5 13.0

RELATIVE HUMIDITY 58% 58% 63% 63% 65%

WET BULB TEMP (°C) 12.3 12.5 12.8 10.1 11

INLET SIZE (mm) 480 x 300 480 x 300 480 x 300 480 x 300 480 x 300

EXHAUST AIR
LOCATION FR.112 (S) FR.95 (S) FR.112 (S) FR.112 (S) FR.112 (S)

VELOCITY (m/s) 5.1 4.9 5.7 5.5 5.0

TEMPERATURE (°C) 17.8 18.0 19.8 17.2 16.8

RELATIVE HUMIDITY 60% 60% 71% 65% 70%

WET BULB TEMP (°C) 12.3 12.4 15.7 13.1 12.1

OUTLET SIZE (mm) 650 x 500 650 x 500 650 x 500 650 x 500 650 x 500

AMBIENT AIR
WIND SPEED (m/s) 8 - 10 8 - 10 4 - 6 3 - 5 3 - 5

TEMPERATURE 17.3 17.3 16.8 13.9 13.9

RELATIVE HUMIDITY 56% 56% 60% 62% 62%

LIVESTOCK DATA
PEN NUMBER - - 4-097 4-097 3-097

ANIMALS PER PEN - - 55 - 60 55 - 60 55 - 60

PEN AREA - - 17.67 17.67 17.53

BODY TEMP (°C) - - 25 - 27 25 - 27 24 - 26.5

BODY MASS (kg) - - ~40 ~40 ~40

COAT LENGTH - - Shorn Shorn Shorn

BREED - - Merino Merino Merino

ACCLIMATISATION - - 5 Days 5 Days 5 Days  

Table C.1 - Readings 
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Appendix D 

Instrument Specification Sheets 
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Appendix E 

Compartment Cross Section
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Figure E.1 – Compartment Cross Section used for GAMBIT/FLUENT Model 
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Appendix F 

Compartment Mesh 
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Figure F.1 – Compartment Mesh 

 

Enlarged view of GAMBIT Compartment Mesh 
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Appendix G 

FLUENT Contour Plots 
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Case 0 - Measured Condition 

 

Contours of Velocity Magnitude (m/s)
FLUENT 6.2 (2d, segregated, rke)

Oct 10, 2005
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0

 

Figure G.1 – Case 0 - Velocity Contours 

 

Velocity contours within the compartment generated for measured condition. Supply 

air velocity 10.5m/s, stream angle 45° from horizontal as per existing arrangement. 
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Contours of Total Temperature (c)
FLUENT 6.2 (2d, segregated, rke)

Oct 10, 2005
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Figure G.2 – Case 0 - Temperature Contours 

 

Temperature Contours within compartment for measured condition. Ambient air 

temperature at 13.5°C. 
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Case 1 - 32°C Ambient Air Temperature 

 

Contours of Velocity Magnitude (m/s)
FLUENT 6.2 (2d, segregated, rke)

Oct 10, 2005
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Figure G.3 – Case 1 - Velocity Contours 

 

Velocity Contours within compartment. Supply Air Velocity 10.5m/s, stream angle 

45° from horizontal as per existing arrangement. 
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Contours of Total Temperature (c)
FLUENT 6.2 (2d, segregated, rke)

Oct 10, 2005
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Figure G.4 – Case 1 - Temperature Contours 

 

Temperature Contours within compartment when ambient air temperature rises to 

32°C. 
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Case 2 - 32°C Ambient Air Temperature, 60° Stream angle 

 

Contours of Velocity Magnitude (m/s)
FLUENT 6.2 (2d, segregated, rke)

Oct 10, 2005
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0

 

Figure G.5 – Case 2 - Velocity Contours 

 

Velocity Contours within compartment for stream angle 60° from horizontal. Supply 

air velocity 10.5m/s. 
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Contours of Total Temperature (c)
FLUENT 6.2 (2d, segregated, rke)

Oct 10, 2005
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Figure G.6 – Case 2 - Velocity Contours 

 

Temperature Contours within compartment at 32°C ambient air temperature. 
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 Case 3 - 32°C Ambient Air Temperature, 30° Stream Angle 

 

Contours of Velocity Magnitude (m/s)
FLUENT 6.2 (2d, segregated, rke)

Oct 10, 2005
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0

 
Figure G.7 – Case 3 - Velocity Contours 

 

Velocity Contours within compartment for stream angle 30° down from horizontal. 

Supply air velocity 10.5m/s. 
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Contours of Total Temperature (c)
FLUENT 6.2 (2d, segregated, rke)

Oct 10, 2005
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Figure G.8 – Case 3 - Temperature Contours 

 

Temperature Contours within compartment at 32°C ambient air temperature. 
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Case 4 - 32°C Ambient Air Temperature, 30° Stream Angle, 12m/s Supply Air 

Velocity 

 

Contours of Velocity Magnitude (m/s)
FLUENT 6.2 (2d, dp, segregated, rke)

Oct 11, 2005
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0

 

Figure G.9 – Case 4 - Velocity Contours 

 

Velocity Contours within compartment for increased supply air velocity of 12m/s 

and stream angle 30° from horizontal. 
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Contours of Total Temperature (c)
FLUENT 6.2 (2d, dp, segregated, rke)

Oct 11, 2005
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32

 

Figure G.10 – Case 4 - Temperature Contours 

 

Temperature Contours within compartment at 32°C ambient air temperature and 

increased supply air velocity of 12m/s.  
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Case 5 - 32°C Ambient Air Temperature, 45° Stream angle, 12m/s Supply Air 

Velocity  

 

Contours of Velocity Magnitude (m/s)
FLUENT 6.2 (2d, dp, segregated, rke)

Oct 11, 2005

14.4
13.7
13
12.3
11.6
10.8
10.1
9.39
8.67
7.95
7.22
6.5
5.78
5.06
4.33
3.61
2.89
2.17
1.44
0.722
0

 

Figure G.11 – Case 5 - Velocity Contours 

 

Velocity Contours within compartment for increased Supply Air Velocity of 12m/s. 

Stream angle 45° from horizontal as per existing arrangement. 
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Contours of Total Temperature (c)
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Figure G.12 – Case 5 - Temperature Contours 

 

Temperature Contours within compartment for increased supply air velocity of 

12m/s with existing arrangement. Ambient air temperature at 32°C. 
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Safety and Hazard Analysis 
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Safety and Hazard Analysis 

 

The principal safety issues surround the site visit to a Livestock vessel. Due to the 

nature of the environment on board a ship there a number of significant hazards that 

need to be addressed in order to maintain safety while on board. 

 

The following hazard analysis identifies and lists the actions required to manage the 

risks. 

Task Hazards Risk Level Action Required 
Boarding Vessel Tripping hazard on 

gangway 

Slight Use of handrails and suitable 

safety footwear 

Access to and 

inspection of Stock 

Housing areas 

Slipping hazard on 

animal waste 

Injury through contact 

with animals 

Slight 

 

Significant 

Stay within designated walkways 

and outside stock pens 

Measurement of 

Ventilation ducting 

Falling hazard  Significant Measurements to be taken only 

in easily accessible areas 

Movement through 

vessel 

Falling hazard on 

stairs, ladders and 

access ways 

Significant Use of handrails, stay within 

designated passageways, Use 

three points of contact when 

climbing ladders 

Movement through 

vessel 

Striking hazard on low 

structure, piping 

Slight Use of hard hat and care when 

on board vessel 

Movement through 

Stock Housing areas 

Airborne particles Slight Use of dust mask 

 

Table H.1 - Site Visit Hazard Analysis 
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Beyond the site visit this project also requires a significant number of hours of 

computer use for both analysis as well as documentation and presentation of results. 

The associated hazards are analysed in the following Hazard analysis. 

 

Task Hazards Risk Level Action Required 
Computer Use Repetitive Stress Injury Significant Correct posture and ergonomic 

layout of workstation 

Computer Use Eye strain Slight Regular breaks, correct 

positioning of monitor 

Computer Use Back strain Slight Correct posture and comfortable 

seating position. 

Regular breaks 

 

Table H.2 - Computer Use Hazard Analysis 
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Project Resources 

 

Table 3 contains a breakdown of estimated resource requirements. At this stage 

access to the key components such as the FLUENT 6.2 software and computer 

system have been secured. Upgrade to the computer system has also been carried out. 

 

For the site visit a number of measuring devices are required and will be sourced at 

the time of the site visit through local supply. 

 

 

Item Description Cost 

FLUENT 6.2 CFD Software 

For modeling fluid flow and heat transfer 

USQ Supply 

Unspecified 

 

Pentium IV Personal Computer System 

For analysis, research and documentation of results 

Personal Supply 

$1500 

Computer Upgrade 

Increased RAM to run FLUENT analysis 

Personal Supply 

$150 

Word processing, Spreadsheet & Presentation Software 

For dissertation & conference presentation 

Personal Supply 

$250 

 

Hotwire Anemometer 

For measuring air flow velocity and temperature 

Hired Item - Personal Supply 

$114.52 

Infra-Red Thermometer 

For measuring temperature 

Hired Item – Personal Supply 

$119.52 
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Tape measure 

For measuring physical parameters 

Personal Supply 

$5 

Digital Camera 

For recording images of site visit 

Personal Supply 

$500 

 

Personal Protective Equipment 

Safety Boots, Hard Hat, Safety glasses, Sunscreen  

Personal Supply 

$150 

Miscellaneous Stationery Supplies 

Paper, CD-ROM Discs, Printer cartridges 

Personal Supply 

$100 

 

 

Table I.1 - Project Resources 
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Project Timeline 
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Project Timeline 

 

Table J.1 presents an approximate timeline for work completed as of the date of 

Project submission. 

 

Weeks are numbered from the start of Semester 1, 2005. 

 

Submission dates are based on dates presented on the Faculty of Engineering & 

Surveying project website: http//www.usq.edu.au/faculty/engsurv/project 
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Project Timeline

Week No. 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Task Description 20/05/05 27/05/05 03/06/05 10/06/05 17/06/05 24/06/05 01/07/05 08/07/05 15/07/05 22/07/05 29/07/05 05/08/05 12/08/05 19/08/05 26/08/05 02/09/05 09/09/05 16/09/05 23/09/05 30/09/05 07/10/05 14/10/05 21/10/05 28/10/05

Project Appreciation Submission 16/05/05
Background Research
Preparation for site visit
Site visit
Site visit debrief
Software setup & familiarisation
Modeling of site data
Analysis of Model
Documentation of results
Preparation of Extened Abstract
Submission of Extended Abstract 26/08/05
Preparation of Draft Dissertation
Submission of Draft Dissertation 16/09/05
Preparation for Conference Presentation
Presentation demonstration 19/09/05
Conference Presentation 22/09/05
Finalise Dissertation
Submission of Dissertation 27/10/05

Legend
Work in progress

Milestone date
Submission date

 

Table J.1 - Project Timeline
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