
















































































































5. HEAT LOSSES THROUGH THE STRUCTURE

5.1 HEAT LOSSES THROUGH THE WALLS AND THE ROOF

5.1.1 General expression
The heat losses through a wall or a roof are given by:

<I> - k X A X ~t

with: k = heat transfer coefficient (Wm-2 K l
)

A = surface area of the considered roof or wall (m2
)

~t = temperature difference between the spaces separated by the wall or the roof (K).

5.1.2 The surface area
The area of the wall or the roof is calculated using the external dimensions. The area of windows and doors is
subtracted from the wall surface, and considered separately.

5.1.3 The heat transfer coefficient
5.1.3.1 General expression
The heat transfer coefficient is calculated for an outside wall or roof from:

k= 1
R+Ri+Ro

n d· m P
with: R = ~ ..2 + ~ Ruj + !Raj

j=l 'Yj j=l j=l

with: R = total thermal resistance of the wall or roof (m2 K/W)
n = number of homogeneous layers
d = thickness of the homogeneous layer (m)
'Y = thermal conductivity (Wm- l K l

)

m = number of non-homogeneous layers
Ru = thermal resistance of the non-homogeneous layer (m2 K/W)
p = number of air cavities
R a = thermal resistance of air cavity (m2 K/W)
Ri and Ro = inside and outside surface resistance respectively (m2 K/W)

5.1.3.2 Thermal resistance of homogeneous layers
The thermal resistance of homogeneous layers is found by dividing the thickness of the layer by its thermal

conductivity. The conductivity is given by the manufacturers of the materials according to standardized
testing procedures under ideal material conditions and for normal moisture content. The conductivity increases
when the material gets wet. Provision must, therefore, be made to protect the material from moisture

penetration. Some materials are supplied at different densities. This also affects the conductivity.

5.1.3.3 Thermal resistance of non-homogeneous layers
Many building techniques lead to a wall or roof which can not be considered as homogeneous, e.g. masonry

with air-spaced bricks. For all these cases an appropriate reference must be consulted.

5.1.3.4 Thermal resistance of air spaces
An air space has to be considered if there is a cavity between two parallel or almost-parallel surfaces within the
wall or the roof, and if the thickness of the space is small.

For non-ventilated and poorly ventilated air spaces, the thermal resistance can be found in the appropriate table.
For well ventilated air spaces, one has to proceed as follows:

- the temperature in the air space is assumed to be the outside temperature;
- the thermal resistance of the structure between the air space and the outside and the air space itself are

neglected;

- the resistance at the warm side of the air space is taken as Ri
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5.1.3.5 Inside and outside surface resistance

The film resistance is a function of air speed and radiation. In most cases the emmission coefficient is greater
than 0.8. Values for Ri and Ro from different countries are given in Table 5.!.

Table 5.1 Inside and outside surface resistance. Ri and Ro (m2 K/W)

Country Building part

Window and door Wall and roof Floor Wall. ceiling. roof in a
to the outside to the outside to the outside heated room. to a space

Ri Ro Ri Ro Ri Ro
with lower temperature

Ri Ro

Austria 0.12 0.04 0.12 0.04 0.22 0.25

Belgium 0.12 0.04 0.17 0.04

Denmark 0.13 0.04 0.13 0.13

France 0.11 0.06 0.11 0.06 0.17 0.05 0.10 0.10

Germany

Italy 0.13 0.04 0.13 0.04 0.3 0.28

Netherlands 0.13 0.04 0.13 0.04 0.17 0.04

Norway 0.12 0.05 0.12(1) 0.05(1) 0.16 0.04 (3)
0.10(2) 0.04(2)

Sweden 0.2 0.25 0.30 0.35

Switzerland 0.17 0.03 0.17 0.03 0.23 0.08 0.23 0.08

United Kingdom 0.12 0.06 0.12(1) 0.06(1) 0.14(4)

0.10(2) 0.04(2) 0.55(5)

(1) Wall to the outside

(2) Roof to the outside
(3) Depending on fhe conditions
(4) High emissivity factor
(5) Low emissivity factor

5.1.4 The temperatu re difference
The temperature difference is defined as the difference of the temperature in the space at one side of the wall or
roof and the temperature in the space at the other side.

For outside walls and for roofs the temperature difference is the difference between the desired inside
temperature and the outside. The outside temperature to be taken is the design outside temperature (DOT)
as discussed in Chapter 4. For temperatures in adjacent rooms the following values can be used.
Non-frostproof room = DOT
Frostproof room = 0 0 C
Heated room = room temp or +10 °c
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Chapter 5: Heat losses through the structure

5.2 HEAT LOSS THROUGH THE FLOOR
Most countries have standards for calculating the heat losses through floors on the ground. Comparisons made by
the working group showed that the general expression for transmission heat losses can be used when calculating
heat balance during winter conditions using the equation

<l>f = keffective X t1t X A

where
<l>f = heat losses through.the floor when calculating heat balance for winter conditions (W)
t1t = tempe.rature difference between the design inside temperature and the design outside temperature tC)
A = floor area (m2

)

keff = heat transmission coefficient for the floor including the ground (Wm-2K"l)

In a house with slatted floor and a manure tank beneath there shall be calculated 'floor heat losses' for only
the highest 1.0 m of the perimeter of the tank, assuming cellar walls are below ground. The transformation of
kfloor to keffective can be done in Figure 5.1. Note that kfloor should be calculated without taking into account

Ri andRo·

0.4 r------~-------,------_r_-----_r__----_------:-___t

0.3 I-------+-----+-------+-----+----:: ~____::_+=d_---d_

o~

~
E
3:
~ 0.21-------t------htJIC-:;T'!-:::...---t------~---_::;.".,..F_lL---____j

> .'
'0:;
u
~­Q)

..\c:

0.1 r-----+------::::;;;oof""''---~-___:::+....e:::::.---_+----_+----__l

oL--------:-L--------L-- L- --1- ---I. -----1

o 0.2 0.4 0.6 0.8 1.0 1.2
k for floor or wall of manure tank (Wm-2 K-1 )

Figure 5.1 The transformation of kfloor to keffective for two different floor areas (A) and two
different types of floor, solid and fully slatted floor respectively
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5.3 TOTAL HEAT LOSSES THROUGH THE STRUCTURE

5.3.1 General expression

The total heat losses through the structure are given by:

<lie = ( ~ kj Aj .t:..tj + ~ <lie) (1 + M o)

with: kj = the heat transfer coefficient of wall (or roof, or floor) (Wm-2 K
01

)

Aj = surface of wall (or roof, or floor) (m2
)

.t:..tj = temperature difference between both sides of wall (or roof, or floor) (K)
<lie = conductive heat losses through other parts of the structure (W)
Mo= correction coefficient for windy location

5.3.2 Heat losses through doors and windows

Heat losses of doors and windows are given, by the manufactuter or building code, per K temperature difference
(Wm02 K"l ). By multiplying by the temperature difference the actual heat losses are found.

Very often these values are not available. In those cases the heat losses can be calculated in the same way as
for walls. This means that for windows the distinction must be made between the glass and the frame of the
window.

5.3.3 Thermal bridges

Thermal bridges are these parts of walls or roofs where a greater heat flux than the heat flux through the adjacent
parts occurs. Thermal bridges should be avoided when designing the structure.

5.3.4 Correction for windy location, Mo
When a barn is situated in a windy location you should add 5% to the transmission heat losses.
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6. VENTILATION CALCULATION METHODS

6.1 THE CALCULATION USING MASS FLOWS AND ASSOCIATED PHYSICAL PROPERTIES
The ventilation calculations should be done using mass flows, because they are independent of temperature and
pressure. This feature alloWs a simplification which cannot be acheived using volume flows.

A conversion from volume flows to mass flows, or vice versa, may be necessary to have the input data in
the correct form or in order to have the calculation results in the correct form.

First we have to know the mass of dry air per m3 of moist air.

6.1.1 Conversion from kg dry air!s to m3 moist alrth

. The appropriate formula to obtain the density can be written as:

2.168p

P - T (mm + 0.622)

with: p - density of dry air within moist air (kg dry air/m3 moist air)
p - atmospheric pressure (kPa)

T - absolute temperature (K)

mm - water vapour content of the air (kg ~O/kg dry air)
For an atmospheric pressure of 101.325 kPa (normal atmospheric pressure) the formula becomes:

219.67
p - T (mm + 0.622)

Table 6.1 shows air density and the volume flow in m3 /h per kg dry airls. The relative humidity is assumed to
be 70%. Other values give a very small deviation.

Table 6.1 Air density and air volume flow at different temperatures (RH = 70%)

Temperature °c

-20

-15

-10

-5

o

+5

+10

+15

+20

+25

+30

kg dry airl m3 moist airlh per
m3 moist air kg dry airls

1.39 2590

1.36 2650

1.34 2690

1.31 2750

1.29 2790

1.26 2860

1.24 2905

1.21 2975

1.19 3025

1.17 3115

1.13 3185
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6.1.2 Conversion of CO2 production and CO2 concentration data
Usually CO2 concentrations are given in volume % (e.g. the CO2 concentration in the outside air is 0.03% or
300 ppm). Also CO2 production figures are mostly given in litre/h.

This conversion problem can be met by using the ratio of the density of CO2 compared to the density of dry
air, which is 1.529. Including this in the above formula for the air density one can write:

_ 2.168p _ .!!.
Pk - 1.529 T (0.622) - 5.3294 T

For an atmospheric pressure of 101.325 kPa

1
Pk = 539.99 T
Example

- the CO2 concentration of the outside air = 0.03 %

0.03 m3 CO2 kg CO2/m3 CO2 3 kg CO2
- X 1.529 =0.459 X 10·
100 m3 air kg air/m3 air kg dry air

Usually the mass concentration is taken as 0.04 %. The somewhat greater value here is due to the rounding up
of the 0.03 % value.
-the CO2 production = 100 litre/h at 20 °c

litre CO2 0.1 m3 CO2 0.1 m3 CO2
100 h = h = 3600 s

m3 CO2 539.99 kg CO2 kg CO2
0.0278 X 10.

3
-s- X (20 + 273.15) m3 CO

2
= 5.121 X 10-

5
s

1.0IC~2 = 5.121 X 10-7 kg~02

6.2 Formulae

For each material the mass balance of an animal house can be written as

qy = (mi - mo) qv
where: qy = mass flow produced internally (kg/s)

qv = ventilation rate (kg dry air/s)
mi = material content of the inside air (kg/kg dry air)
mo = material content of the outside air (kg/kg dry air)

Based on this mass balance the ventilation requirement can be calculated as folloWS.

6.2.1 Ventilation needed for vapour balance

qm,y
qV,m =m '-mm,1 m,o

A mass balance can also lead to the formula to calculate the internal water vapour content of the air, when the

ventilation rate is known.

qm;y
mmi=mmo+, , qv

The ventilation rate is found from

V = qv m/p (m3 Is)
where p= density of air, for exhaust fans use P at ti,

for pressure fans use P at to

6.2.2 Ventilation needed for CO2 balance

qk,y
q k---;.;;/JI",.-­v, - mk'-mk,I ,0
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Chapter 6: Ventilation calculation methods

6.2.3 Ventilation based on a heat balance
. - According to the given symbols the heat balance of the house can be written as:

<fls + <flg = <flc + <flv
with: <fls = sensible heat production in the house (W)

<flg = supplementary heating (W)
<flc = conductive heat losses (W)
<flv = heat losses by ventilation (W)

Some of these terms can be expressed by another formula. Thus:

<flc = Ab' kt>. .1tb

with: Ab = surface due to heat losses of the building (m2
)

kb = mean heat transfer coefficient of the building (Wm'2 K"l)
~tb = temperature difference between inside and outside the building (K)

The heat losses by ventilation can be expressed by

<flv - c. Alb' qv
with: c = specific heat of the air (J/kg'l K' l )

qv = ventilation rate (kg{s)
Combining these formulae one can calculate the heating required from:

<flg = Ab kb ~tb + c ~tb qv - <fls
When there is no heating needed, the heat balance can also be used to determine the ventilation requirement:

<fls - Ab kb ~tb

qv - c ~tb

In summertime when the temperature difference is small, and solar radiation can cause a conductive heat flow
into the house we can neglect Ab kb ~tb' assuming that the heat gain by solar radiation will be balanced by
the heat losses through the floor. 'In areas where the radiant heat load is big and k-values high this must be
considered by adding sensible heat to <fls'

Thus:

<flsq = -- = (kg dryair{s)
v C ~tb

Remark

The specific heat of moist air, cp ' can be found using the formula (expressed in kJ (kg dry airfl K'
l )

cp = 1.005 + 1.86 mm

Since the second term has only a slight infulence, although never zero, one might consider using a constant
value:
Cp = 1.01 kJ (kg dry airrl K·l or (0.28 Wh kg·l K'l).

Table 6.2 gives the moisture content of air at saturation.

Ii
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Table 6.2 Moisture content of air at saturation

t (oC) 1tlm t mm t t

(g/kg dry air)

-20 0.63 -5 2.47 10 7.63 25 20.00

-19 0.70 -4 2.67 11 8.15 26 21.40

-18 0.77 -3 2.94 12 8.75 27 22.60

-17 0.85 -2 3.19 13 9.35 28 24.00

-16 0.93 -1 3.47 14 9.97 29 25.60

-15 1.01 0 3.78 15 10.60 30 27.20

-14 1.11 1 4.07 16 11.40 31 28.80

-13 1.22 2 4.37 17 12.10 32 30.60

-12 1.34 3 4.70 18 12.90 33 32.50

-11 1.46 4 5.03 19 13.80 34 34.40

-10 1.60 5 5.40 20 14.70 35 36.60

-9 1.75 6 5.79 21 15.60 36 38.8

-8 1.91 7 6.21 22 16.60 37 41.1

-7 2.08 8 6.65 23 17.70 38 43.5

-6 2.27 9 7.13 24 18.80 39 46.00

6.2.4 Formula based on an enthalpy balance
According to the given symbols the enthalpy balance of the house can be written as:

~n + ~g - ~c + ~vn

with: ~n - enthalpy production in the house eN)
~vn - enthalpy losses by ventilation (W)

The enthalpy production in the house is given by

~n· ~s + rm qm +4186.8 qm ti
or since the last term constitutes only a small value:

~n ~ ~s +rmqm
The enthalpy losses by ventilation are:

~vn - (hi - ha)qv

For summer conditions the expression for the ventilation rate can be written as:
~n -Ab kb iltb

qv· (hi - ho)
or as explained above

~vn
qv = (hi - ho)
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To know the specific enthalpy one needs the absolute humidity, which cannot be'calculated without the
ventilation rate. For this reason the expression cannot be used·directly.

Re1TUlrk 1
The latent heat for water can be approximated by:
rm - 2500 - 2.327 t (kJ/kg H2 0)

Since the second term has only a slight influence, although not zero, one might consider to use a constant
value.
rm R:: 2450 kJ/kg (or 680 Wh/kg)

Re1TUlrk 2
The enthalpy of moist air can be expressed in kJ/kg dry air

h - 1.005 t + 1.86 mm t + 2500 mm (kJ/kg dry air)
One must stress that the last term of this expression can have an important influence. So this term cannot be

neglected.

6.2.5 Determination of maximum ventilation capacity for summer conditions

The determination of the maximum ventilation capacity is based on practical experien~. The maximum
ventilation capacity to be installed must be proportional to the heat production in the house, either the total
heat production or the sensible heat production. Thus the maximum ventilation capacitY can be written as:

<l>s <l>t
qvmax-- --, ex 13

with qv,max - maximum ventilation capacity
<l>s - sensible heat production in the house
<l>t - total heat production ir.. the house
ex and 13 are empirical constants

This last expression is derived on a heat produdion basis, specifically from an enthalpy balance of the
house neglecting the conductive heat losses. Making this aerivation leads to:

<l>s <l>t
qV,max - ctJ.t - ilh

p s s
with Ms· assumed temperature difference inside/outside (K)

ilhs - enthalpy difference inside/outside (J/kg)
cp - 1.01 kJ/kg

One can conclude from this iriterPretation that the maximum ventilation capacitY can be calculated from the
heat production in the house by putting forward empirical values for I::1t and ilh. These values are called 'summer
temperature tolerance' tJ.ts and 'suIIimer enthalpy tolerance' ilhs'

6.2.5.1 Calculation with sensible heat
It must be stressed that the choice of the 'summer temperature tolerance' depends on the inSIde temperature for
which the sensible heat production is chosen. Putting forward an inside temperature of 30°C the formula for
calculating the maXimum ventilation capacity to install can be written as

<l>s (30 0)
qV,max - c tJ.t

P s

<l>s (30) - sensible heat production in the house at 30°C
In Table 6.3 you can find values for summer temperature tolerance to be us~d to calculate the maximum

ventilation air flow together with sensible and total heat production respectively at an internal temperature of
30°C.

The given figures have been related to the value llIld duration of outside temperature. Other possible
considerations could be the heat capacity of the walls and ceiling if the mass exceeds 500 kg/m2 •
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Table 6.3 Provisional values for LHs when inside temperature is 30 °C

Outside temperature (0C)

Exceeded 19'0
of the time

18.0-20.9

21.0-23.9

24.0-26.9

27.0-30.9

24-27

27-30

30-33

4

3

2.5

2

(a) average maximum temperature according to Chapter 4

6.3 EXAMPLE 1

6.3.1 Assumptions
The building is 30 m X 10 m X 2.60 m

300 fattening pigs
all-in/all-out (from 20 kg to 80 kg average weight)

t· - 20°C 1/>' = 70%I,W I,W

to,w = -10 9C I/>o,w = 100%

floor and ceiling area = 1.0 m2 /pig
insulation of the walls and ceiling = 0.5 Wm-2 K'l

. -2 K'linsulation of the floor, keff - 0.3 Wm

6.3.2 Calculation of maximum heating capacity
Since the maximum heating capacity can be expected to be needed when small animals are in the house, the
calculation should be based on the 20 kg pigs.

6.3.2.1 Minimum ventilation according to the moisture balance
- absolute humidity ofthe inside air (see Table 6.2): mm i (20°C (10%) = 14.70 X 0.7= 10.29 g/kg dry air. ,

- absolute humidity of the outside air (see Table 6.2): mm,o (-10 °C/lOO%) = 1.6 X 1 = 1.6 g/kg dry air

- moisture production in the house with 300 pigs of 20 kg (see Table 2.4):
. 1

qm,y = 300 X 49 X 3600 = 4.083 g H2 0/s

- minimum ventilation according to the moisture balance given in Section 6.2:
~083 .

qv,m = 10.29 -1.6 - 0.470 kg dry allIs

Table 6.1 shows that 1 kg dry airls = 3025 m3 /h
which leads to qv m = 0.470 X 3025 = 1422 m3 /h,

6.3.2.2 Minimum ventilation according to the CO2 balance
-C02 content of the inside air - 3000 ppm = 0.3% (see Chapter 3)

Tnk i - 0.3 X 1.529 = 4.587 X 10'3 kg C02 /kg dry air
, 100
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- CO2 content of the outside air = 300 ppm = 0.03%

mk,o - ~'g~ X 1.529 = 0.459 X 10'3 kg C02 /kg dry air

- CO2 production in the house with 300 pigs of 20 kg (Table 2.4)·

qk = 300 X 16 X 5.121 X 10-7 = 2.458 X 10'3 kg CO2 Is

- minimum ventilation according to CO2 balance (see Section 6.1.2)

qV,k = 4.58~·~5~459 = 0.595 kg dry airls

using Table 6.1

qv k = 0.595 X 3025 = 1800 m3 /h,

6.3.2.3 Conclusions from 6.3.2.1 and 6.3.2.2
Since the required minimum ventilation according to the CO2 balance is higher than that according to the moisture
balance, the last calculated value 0.595 kg dry airls (1800 m3 /h) is chosen as the minimum ventilation rate.

6.3.2.4 Calculation of the ventilation heat losses (see Section 6.2.3)

~v - 1010 (20 - (-10» X 0.595 = 18 029 W

6.3.2.5 Calculation of the conductive heat losses

The total surface of the walls and ceiling of the building is:
A = (30 + 10) X 2 X 2.60 + 30 X 10 = 508 m2

The conductive heat losses through the walls and the ceiling are
~w = 508 X 0.5 X (20 - (-10» = 7620 W

The conductive heat losses through the floor are
~r= 300 X 0.3 X (20- (-10» = 2700 W

The total conductive heat losses are
~c - 7620 + 2700 = 10320 W

6.3.2.6 Sensible heat production in the house (see Table 2.4)
~s = 300 X 62 = 18 600 W

6.3.2.7 Heat balance
The maximum heating capacity equals
~g = 18.029 + 10.320 -18.600 = 9.749 kW
If the k·value for walls and ceiling is 0.25 W1m2 K the total conductive heat losses are reduced to 6.510 kW and

the maximum heating capacity to 5.939 kW

6.3.3 Calculation of the maximum ventilation capacity
Since the maximum ventilation requirement occurs when heavy animals are in the house, the calculation must be
based on 80 kg animals.

According to the formula in Section 6.2.5, and assuming I1t = 2 K from Table 6.3

n X ~s 300 X 70 3
qV,max = 1010 X 2= 1010 X 2 = 10.396 kg/s = 33111 m Ihr
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6A EXAMPLE 2

6.4.1 Assumptions
The building is 39 m X 13 m X 2.60 m
10 000 broilers on straw
all-in/all-out (0.05 -1.5 kg)
ti,w = 30°C l/1,w = 60% for one-day chickens
ti w = 24 °c <1>i w = 66% for broilers of 0.5 kg
, ° 'to w = -10 C <1>0 w = 100%, ,

floor and ceiling area ~ 0.05 m2/broiler
insulation of the walls and the ceiling = 0.5 Wm-2 K 1

insulation of the floor, keff = 0.2 Wm-2 K-1

In practice only 1/3 of the house is us~d during the first week.s. Thus the maximum heating need 'can occur on
the first day or the day that the animals are released over the whole floor.

6.4.2 Calculation of the maximum heating capacity for one-day-old chickens
. For one-day chickens the heat and moisture production can be found in Table 2.6. This does not imply thatthere··
will be no ventilation, since there is always infiltration of air. This infiltration can be estimated as three times the
volume of the house per hour.

6.4.2.1 Ventilation heat losses by infiltration
The volume of the building will be

V = (39 X 13 X 2.6)/3 = 439 m3

qv = 3 X 439 = 1317 m3 /h = 1488 kgfh
As a comparison, the ventilation rate for moisture balance is

\

10000 X 1.0
qv,m = 0.6 X 27.2 - 1.6 = 679 kg/h

The ventilation heat losses due to inrLltration are

~v = 1010 X ~:~~ X (30 - (-10» = 16 699 W

6.4.2.2 Conductive heat losses
The surface area of the building is
A = «39 + 13) X 2 X 2.60 + (39 X 13»/3 = 259 m2

the conductive heat losses through the walls and the ceiling are
~w = 0.5 X 259 X (30 - (-10» = 5183 W
the conductive heat losses through the floor are
~f = 39 X 13 X 0.2 X (30 - (-10» = 4056 W

6.4.2.3 Maximum heating capacity for one-day-old chickens
~g = 16699 + 5183 + 4056 = 25 938 W

6~4.3 Heating capacity for chickens of 0.5 kg
6.4.3.1 Minimum ventilation according to moisture balance
- absolute humidity of the inside air (see Table 6.2)

mm,i (24 °C/66%) = 18.8 X 0.7 = 12.408 g H20/kg dry air

- absolute humidity of the outside air (see Table 6.2)
mm 0 (-10 °C/100 %) = 1.6 g H2 0/kg dry air,
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- water vapour production of 10 000 broilers of 0.5 kg

_ 10 000 X 3.9 = 10 833 HOI
qm,y 3600 . g 2 S ..

. -minimum ventilation

10.833 1 002 k . I
qv,m = 12.408 -1.6 =. g dry all s

qv m - 3116 m3 /h,

6.4.3.2 Minimum ventilation according to CO2 balance
- maXimum CO2 content of the inside air = 3000 ppm = 0.3% (see section 6.1.2)

mk,i - ~~; X 1.529 = 4.587 X 10'3 kg CO2 Ikg dry air

- CO2 content of the outside air = 300 ppm = 0.03% (see section 6.1.2)

mk,o - ~0003 X 1.529 = 0.459 X 10'3 kg C02 /kg dry air

- CO2 production in the house with 10 000 broilers of 0.5 kg (see Table 2.6)

qk,y· 10000 X 0.97 = 9700 litre/h

qk - 9700 X 5.121 X 10'7 = 4.97 X 10'3 kg CO2 Is

- minimum ventilation

qV,k - 4.5874':~.459 "" 1.20 kg dry airls

6.4.3.3 Ventilation due to infiltration
- volume of the house
V- i3 X 39 X 2.60 = 1318 m3

- specific weight of the air = 1.17 kg dry air1m3 moist air

.- ventilation due to infiltration

qr = 3 X.1318 X 3~~~ = 1.285 kg dry airls

. qv = 4003 in3 /h

6.4.3.4 Conciusion on 6.4.3.1, 6.4.3.2 and 6.4.3.3
. The ventilation to be taken into account is 1.285 kg dry airls

(4003 m3 /h).

6.4.3.5 Ventilation heat losses
~~ - 1010 X 1.285 X (24 - (-10)) = 44127 W

6.4.3.6 Conductive heat losses
- the surface of the building
A - (39 + 13) X 2 X 2.60 + 39 X 13 = 777 m2

- heat·losses through the walls and the ceiling
4>w - 777 X 0.5 X (24 - (-10» = 13 209 W
- heat·losses through the floor
4>f· 39 X 13 X 0.2 (24 - (-10)) = 3447 W
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6.4.3.7 Maximum heating capacity for 0.5 kg chickens
- heat production in the house with 10 000 chickens of 0.5 kg (see Table 2.6)
cf>a = 10 000 X 3.3 = 33 000 W
- maximum heating capacity
cf>g = 44 127 + 13 209 + 8447 - 33000 = 32 783 W

6.4.3.8 Maximum heating capacity for the broiler house
The chickens of 0.5 kg determine the maximum heating capacity in this case.

6.4.4 Maximum ventilation requirement
Since the maximum ventilation reqmrement will occur with the largest animals the calculation must be based on
chickens of 1.5 kg (see Table 2.6).

The house is assumed to be located where 27°C is exceeded 1% of the time and according to Table 6.3
Ats should be chosen as 2 K.

10 OOOX 4.3 .
qV,max = 10io X 2 = 21.5 kg dry alrls

qV,max = 68478 m3/h
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