
 

 

 

Abstract.  Tunnel Ventilation has been used extensively in Ontario to 
cool cows in tie stall dairy barns.  During extreme hot weather tunnel 
ventilation does not always provide the amount of cooling needed to 
maintain milk production.  Adding evaporative cooling panels is one 
option to improve cooling. 

A trial was conducted in a tie stall dairy barn with tunnel ventilation 
and an evaporative cooling panel in the summer of 2011.  Data 
loggers were used to record temperature and humidity both inside 
and outside the barn through the hottest summer period.  The dairy 
temperature-humidity index was used to analyze the effectiveness of 
the cooling system.  

This paper describes this trial, and how effective the evaporative 
cooling panel was on cooling the cows and maintaining milk 
production.   
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Introduction 
The ideal ambient temperature for a dairy cow is roughly between 0°C to 20°C.  At temperatures 
above 20°C cows start to use energy to cool themselves, instead of producing milk.  Their 
primary means of cooling is by heat loss through surface skin and the respiratory tract.  As the 
ambient temperature and humidity increase, it becomes more difficult for a cow to cool herself.  
Cows that suffer from heat stress have reduced feed intake and consequently milk production.  
High producing cows are especially susceptible to heat stress.  Pregnancy rates are also 
affected by heat stress.  They decrease sharply when the air temperature exceeds 30°C.  
Ultimately heat stress reduces cow comfort.  

There are four primary ways of heat transfer: conduction, convection, radiation and evaporation.  
Heat conduction is the transfer of heat between two bodies at different temperatures in contact.  
This takes place when a cow is lying on cool concrete and the heat from her warm body is 
transferred to the cooler concrete.  Convection includes heat transfer between two objects, one 
of which is moving, such as a cow being exposed to wind or currents of water.  Radiation 
involves the exchange of thermal energy by electromagnetic waves.  The sun’s heat energy is 
transferred by electromagnetic waves.  The final means of heat transfer is through evaporation.  
This is when heat is given off as water changes from a liquid to a vapour.  This takes place 
when water evaporates off a wet cow during drying. 

Temperature Humidity Index 

Heat loss from a cow occurs primarily by conduction and convection, as well as by evaporation.  
As the temperature rises it becomes increasingly difficult for a cow to dissipate heat.  Rising 
relative humidity also affects a cow’s ability to loose heat via evaporation.  Since heat loss 
depends both on temperature and relative humidity, a temperature-humidity index (THI) has 
been developed to indicate the amount of heat stress experienced by a cow (Armstrong, 1994.). 
Although there is some variation in the numbers that researchers use, generally a cow subject 
to a THI experiences: 

 < 72   little heat stress 

72 to 79  mild heat stress 

80 to 89  medium heat stress 

> 90   severe heat stress 

 

Options to Cool Cows 

There are two common cooling strategies used in dairy housing.  One is to increase the rate of 
heat transfer between the cow and her environment, and the other is to modify the environment 
to reduce the heat stress placed on the cow.  Practically, this means increasing the convective 
heat transfer rate by increasing the air speed over the cow, and increasing the evaporative 
cooling rate by wetting the cow, or the air around the cow. 

 



 

 
 

Tunnel Ventilation 

Convective cooling or increasing the air speed in tie stall barns is usually accomplished with 
tunnel ventilation.  A tunnel ventilation system involves using large fans to draw air through the 
barn at speeds exceeding 1.5 metres per second (300 feet per minute).  It is also necessary to 
have large openings at the opposite end of the barn to allow the air to enter unrestricted.  Fan 
capacity is calculated using the equation: 

Q = V A 

Where: Q = fan capacity, cubic feet per minute 

 V = velocity, feet per minute 

 A = area, square feet 

The air speed is directly affected by the width and height of the barn and not the length.  
Therefore a low, narrow, long barn will require less fan capacity than a wider, higher, shorter 
barn with the same cow capacity.  

Tunnel ventilation is well suited to many tie stall barns as they have low ceilings and stone walls 
that do not allow for good natural ventilation, however, it is limited by the outside temperature.  

Cooling Cows with Evaporation 

The next step to providing additional cooling is to use the principles of evaporation.  In many 
free stall barns evaporative cooling systems are installed along feed mangers to alternately wet 
the cows by sprinkling them with large water droplets and then to dry them with high speed fans.  
This system is not possible in tie stall barns as sprinkling the cows would result in their bedding 
also becoming wet and lead to problems such as mastitis. 

The other alternatives using evaporative cooling is to humidify the air with either high pressure 
misting systems or cooling panels (Brouk et al., 2003.).  This study monitored the effects of 
using a cooling panel with an existing tunnel ventilation system. 

Cooling panels consist of waxed paper honeycomb pads. The pads are held in place with an 
upper header and a bottom trough with water reservoir. Water is pumped through the header 
and dispersed over the pads through a distribution pipe with holes in it. This water flows through 
the pads back to trough below, and continually circulated. Fresh water is added as needed by 
means of a float system. As air is pulled through the pads by the fans, it picks up moisture and 
evaporates. It is the evaporation that provides the cooling to the air that is traveling through the 
barn. 

Materials and Methods 

In the summer of 2011, data was recorded at the Lebold Farm near Wellesley, Ontario.  The 
barn was an older bank barn with 4 rows (two rows head to head) of 80 Holstein cows.  The 
barn had an existing tunnel ventilation system powered by four 1.2 m (48”) fans and two 1.5 m 
(60”) fans installed on the west end of the barn.  The inlet for the tunnel ventilation was installed 
in the mow on the east end of the barn. This opening was 1.5 m (5 ft.) high by 17.0 m (56 ft.) 
wide. The evaporative cooling panels completely filled the opening of the inlet. A manually 
operated curtain was installed on the outside of the barn to protect the pads in winter.  



 

 
 

 
Figure 1.   Layout of barn showing tie stall arrangement and data logger placement. 

The evaporating cooling system was monitored from June 15, 2011 to August 08, 2011, all 
together 55 days.  Time, temperature and humidity were recorded at seven different locations 
using Hobo data recorders. One recorded outside conditions at the intake on the east end of the 
barn and the rest were located inside the barn as shown in Figure 1.  Data was recorded every 
30 minutes. 

Results 

The monitoring time for this trial included the hottest week of the summer of 2011 (July 18th to 
25th), as well as the hottest day that occurred on July 21st.  Recordings from the six data loggers 
inside the barn were averaged and compared with the outside recordings of the data logger at 
the east end of the barn.   

The total fan capacity for the tunnel ventilation system was 184,177 m3/h (108,400 cfm), which 
resulted in an air velocity of about 1.1 m/s (220 fpm) in the 21.3 m (70 ft.) wide barn with a 2.1 m 
(7 ft.) ceiling. 

The average temperature inside and the temperature outside, as well as the average relative 
humidity (RH) inside and the relative humidity outside are shown in Figure 2. 
 
The average difference between the outside temperatures and the average inside temperature 
was:  

• 3.2 oC for the entire period 

• 5.5 oC for hottest week 

• 6.5 oC for hottest day 
 
 



 

 
 

The average difference between the outside RH and the average inside RH was:  

• 19.1% for the entire period 

• 23.8% for hottest week 

• 27.4% for hottest day 

 
Figure 2.  Temperature and Relative Humidity Inside and Outside the barn for the entire test 

period. 

The next step was to calculate the Temperature-Humidity Index (THI) for the test period.  The 
THI for inside and outside the barn are shown in Figure 3.  The average daily milk production for 
the cows was calculated based on milk shipment data.  The average daily milk production for 
the 81 cows during the trial period was 32.7 L/Cow.  The average daily milk production is also 
shown in Figure 3. 

 



 

 
 

 

 
Figure 3.  Temperature-Humidity Index (THI) inside the barn compared to THI outside compared 

to average daily milk production. 

 
Table 1. Shows the percentage of the time that the cows would have experienced different 
levels of heat stress based on the Temperature-Humidity Index (THI) during the trial period if 
they had have been outside the barn compared to inside. 

Table 1. Temperature-Humidity Index during the trial 
 

Level of 
Heat Stress 

Entire Period Hottest Week Hottest Day 
THI 

Outside (% 
of the time) 

THI Inside 
(% of the 

time) 

THI 
Outside (% 
of the time) 

THI Inside 
(% of the 

time) 

THI 
Outside (% 
of the time) 

THI Inside 
(% of the 

time) 
Little 47.3 81.8     
Mild 50.9 18.2 83.3 85.7 41.7 83.3 

Medium 1.8  16.7 14.3 50.0 16.7 
Severe     8.3  

 



 

 
 

Observations and Discussion 

The first and most important observation can be made from Figure 3.  The average daily milk 
production was almost constant throughout the trial period with an average low of 30.0 L/Cow 
and an average high of 33.6 L/Cow with an overall average of 32.7 L/Cow/Day.  This was the 
most important result for the dairy producer. 

The evaporative cooling pad definitely reduced the temperature inside the barn: 6.5 oC for 
hottest day; 5.5 oC for hottest week; and 3.2 oC for the entire period.  But in order to obtain this 
temperature drop, the relative humidity inside the barn increased significantly compared to the 
outside RH: 19.1% for the entire period; 23.8% for hottest week: and 27.4% for hottest day. 

In general it is best to keep the RH levels in livestock barns less than 80%.  With the 
evaporative cooling panels this level of 80% was exceeded: 56.4% of the time over the entire 
trial period: 85.7% of the time during the hottest week: and 87.5% of the time during the hottest 
day on July 21st.  In spite of the high humidity level experienced by the cows during this trial 
period they did not display any visual adverse affects such as coughing. 

The producers and workers in the barn appreciated the drop in temperature and did not 
complain about the high relative humidity. 

Design and Maintenance 

Intake openings for tunnel ventilation systems are usually designed to provide enough opening 
so that the intake air speed does not exceed 500 feet per minute.  When using an evaporative 
cooling panel the opening size should be increased so that the intake air speed does not 
exceed 300 feet per minute. 

The evaporative cooling panels need to be monitored daily to make sure that the water is 
flowing equally through the panels and that the air flow through the panels has not been blocked 
by debris. 

It is important to do a quick visual inspection daily to make sure the panels are functioning 
correctly.  The water flow quit once due to pump problems, and over time the holes in the pipe 
that allow the water to trickle over the pad became plugged because of water hardness.  A 
water conditioner has been installed to address that problem. 

Air flow through the pad has been blocked during the filling of the tower silos.  Since the tunnel 
ventilation system is drawing air through the pad it is easy to draw debris from the adjacent 
tower silos during filling.  This requires shutting off the exhaust fans. 

Conclusions 

The use of the evaporative cooling panels to humidify the air drawn into the barn by the tunnel 
ventilation system cooled the cows in the tie stall barn sufficiently to maintain average milk 
production levels during the hottest period of the summer of 2011. 

The relative humidity in the tie stall barn increased dramatically, but did not seem to have any 
adverse effect on the cows or the producer. 

Sufficient inlet opening needs to be provided and the evaporative cooling panels have to be 
maintained in order for the system to perform properly. 

Evaporative cooling panels when used with a properly designed tunnel ventilation system can 
effectively cool cows in a tie stall barn situation to maintain milk production during hot weather. 
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