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Ventilation Curves.

Diagram of Inlet used to jet intake alr at celling
level farther into the building to promote maximum
blending and diffusion of outside and inside air.
Floor plan of nutrition piggery barn and exhaust
RerEllaeaEionmdiiesman.

General pattern of air circulation.
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hree basic reguirements for conditioning air are;
an insulated structure, a2 controlled fan system Lo move

size and locetion to give reasonable distribution of air.

These facilities can bte arranged to operate by two

different methods known as a positive or negative pressure

system. Under the positive pressure system, .air is drawn
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into the building by an inta through

; : ol _ Gmvennely
pRtlebsdue to & positive indoer pressure. JUS%*%hej/

Opposise, under the negative system, air is drawn out of
the building by an exhasust fan and enters freely throush

[y 1=

inlets due to negative indoor pressure. = Once the

systems can vary . .in the amount of control vwrcvided to

Fbesche "extrene  range (of dultrnal and i seasconal
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or intermittently under variable speeds.

There are many factors which must be considered
(%heoreticaily and nraaticali;\in ventilation design. The
following will be a brie

(‘]N“\jg
indiidunl factors te—givke an indicatiorn .of the previocus
work done concerning them.

Temperature.

)

Alr temperature is acknowledged to be the single most

impertant environmental facteor in hezt flossLtilnecreasims

~

@amﬂi : . s 2
%C% temoerath¢q:3aecreases feed consumption and recduces the
j\w' S U L:t diea Ndwe e
hel rate ofazain, But net necessaxiily Ghe Reced¥efiidiciiency
g
X3 D"* 2 o - A - ) - 1 2 g | - -
.mer%gf above 70 F. If the temperature drops below 48 F, however,

the reduction in deily gain becomes significant. The
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mum mpe ure Hior Fecd effiiici ency 1 7oL RS EiERL S

(=5

opt

- ~ 2 - = y 7 . 2 5 1
difference between 60 F 2nd 70 F is not pronounced enovgh

ct

0 warrant conditioning of the environment for optimum
— Yoyt with ?
temperature. Ané, as with average dally gain, the

: : , g A o e ; e
difference in feed efficiency between 50°F and 60 F is
Mgl csonitt] cant L+ st i g true’ Tow o liliianimad ‘siizes,
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aeive hunidity was kKept at 50Uf andgd air VeloClty av

based on zir temperasture, skin temperature anc amount ol
gir exXnzled by the lungs. The relstive humidity wWas
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again neld at 50% but the temperature varied st }
on? - + ~nt Tl St e e + s =
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heat loss can be estimafe'. These are
radiant, conductive, convective, perspiration (skin latent
av loss), sré lung heat loss. The overall heat balance
equation under steady state conditicns is as follows:-

Heobal hest lost = skin latent heat lass
' T ‘conduetion loss ¥ iTa
lung heat loss. hnok 2o ke e

ne effective temperature and the amount of air

|,..l .

Sw
breathed with time indicate animal discomfort regardless
of how it is produced. Skin temperature and total

metabolic heat production also increase with rising

temperatures but the respiration rate only increases
= o 0 —
above. 70" F,
In general, temperature increases cause higher

ventilation rates, oxygen consumption, and heart rate
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breathing habt S an :yLlleg watery 1In addition to the
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fad T o 12 2 - * — = £ i = Cu Sy =]
effect on production, this moisture hﬁi?z;b the buildings amel

operation and the control of disease. As wWith temperature,
increased humidity decreases feed consurption D

= = e
necessarily feed efficiencg at } gn temperat”r s”

Relative humidity has little effect on swine effective

o Srsaot & : e N ; ;
temperaturajék ¢0 F.but above 90 F, ##s effect is pronouvnced.

ct

In winter, a minimum continuous ventilation Qé?e*
should operate for the—= ﬁz}al-ﬁf molsture frem the

wistding.

The materisls used in construction and insulastion =zre
‘WW\LW\(..Q_ ; . g .
erueiials for. the jeffective. T glsransa Rieond b enbin

ST be
system. Inside surfaces of walls and cei lln,s e e P

[y

warmﬁf so condensation wlll not occur. Fhis condit

1...].

e
for%%s condensation is influenced by the outdoor
tempersture, indoor temperature, and indoor relstive

humidity.
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. The fan snd hezter ceontzels

must be interlocked to prevent exhausting supplemental

Beat in Winter or producing extre heat in summer,
Leuvers. or tipers can be used to megulate the air

Bl

flow, or an intake control can be used that automatically

ad justs the opening sccording to negative pressure. The

Hessecerpon Tcontrol 18 the thermestat. It cezn central

erential 1s usually about 2 degrees



fahrenheit.

Tl 1 i =13 -1 + + 9 = A nervreatiil v

Flacement of the thermostat must be careiull)

& P v
considered to a&llow it to sense The average Lemperatult
free from possible physical deumage. , 1T 1is usually placead

/
dn thie middle of a.bullding (up.to 30ft évide) . midWay sbei=s
ween floor and ceiling and free of all incoming alr inlets

The protection of the centroel fremicorrosion is
another problem that researchers are attempting to solve.
It must have access to the ventilated air in order to
determine the average temperature, and must alsc Dbe

(4 movmove 'ﬂ Yy‘-"l'{‘:ts
ventilated for neat and moisture. Heat and moisture preb-
perton= profdin— 3
Slemg sreamorsh In control boXes... Bub ithe controls must be
sufficiently enclosed to keep insects and dust out. Ther-
mostats are preferred over humidistats because of their
relidablility, 1ow cost, and pugsedness.

Dust.

Dust particles asre not only harmful to the sense
organs of humans and animsls but also csuse problems in
operating commercigl cooling or heating equipment in .z
severely dust-ladeneft atmosphere. b

i e of a ;

g Aspels i e fTormed fireom Ehe condensa ioa"or anic subs—
o ks b Eaaele o S i
(tance secreted by swine, 1en combined wWith dust and Watem
kit uontaiii/émmoala absorbed from the alr in the hog

environment.,” This gel has a high ph and corrodes
alumininm fins on fans or humidifier colls, causing
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“electronic air cleaners to eliminate the dust. If

is ammenia in the air, it is a wise practice not To
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( ] o 3 A =qan T 2= e (i
Tn most piggerys, however, the moisture ventilation
L] A LS - —~ &1 ’: 4 ) ‘I
Babe iSvassuned to be sufficient tol conbtrol GusSt. " 16niS

tempts have been made to combine temperature and
pREndl by inte ione Variable, enthalp@; This would simplify
calculations because there is a linear relationship
between alr enthalpy and heat loss. Heat removed by the
lungs is equal to the differencs between enthalpy of

exhaled air and inhaled air.

months and in warmer climates to reduce the discomfort

ey
that hogs in hot atmospheref showegé marked reductions in
MS7
respiration rates when cooled by skin wetting. ).’
b 58 e | 4
FlLo0rs,
Floor types have az majcr effect on ventilation. The
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ncerning the environmentegl factors invelved
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The purposs of the report is to design & pressure
ventilation system to recommend alteraticns to the existing
system in the nutrition piggery bsrn,.

The scope of the project is to rectify the moisture
and odor prcblems., From observations at the piggery, the
moisture problem would appear to be confined to the entrance
of the Fan-Jet ventilation tube and not to the floor, ceiling,
or walls (except at inlets during very cold weather), Also,

. 8 solution rmust be found for the dust accumulation in the Fan-

- Jat tube,



Number of finlishing swine
Average weight per swine

Inside conditions desired

H
e

PROCEDURE & CALCULATIONS

250

11
1§

20

=z eof R.H.

[ 2l

600 F

e o

Outside temperature varises from -10° F to L0° F

Outside R,H, =

Latent heat

Total hest

sensible hest

100%
200 Btu/hr-hog
504 Btu/hr-hog

=" Totailnhaa bl atent hea

5ol - 200

L

30l Btu/hr-hog

Moisture Calculations

Moisture (from swine) = 200 Btu/hr latent heat

1036 e

0.19305 1bs wster

hr-WVj

18,26 1bs water
hr

The value 235 Btu/hr is for solid concrete floors so no

additional allowance is needed for water being evaporated,

Sample calculaticn: (ventilation rate at 500 F)

at L0° F, 100% RH outsids; Wy

56 60% B, WL% Ribdmside, W

H )

0.0053 1bs water/lbs dry air

0,008l 1bs water/lbs dry air



at 60°F, 75% RH inside, V = 13.55 cu ft/lbs dry air

5]
1
<
ba

2
ERVEC i iR .26
50  0.008L . 0.0053
= 3516 cfm

Similar calculations for other ocutside temperatures yield

the following data:

Temperature Ventilation Rate (moisturse)
L0°F 3516 cfm
30°F 222l
20°F tisler
10°F ) B
0°F alfjae )
_10°F T 38eR

Heat Calculations

Hezat (from swine)

= 76,000 Btu
hr
Building dimensions

Length =l LOEE
width S 2Rl
Wall height ool e
Linear feet cf

wall = 296 £t
Ceiling area Z o870 fite
Wall area = 2220 ft2

(304 Btu/hr sensible heat) x (250 head)

)

) Total area = 5932

)

14

o)
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£2



Insulation material (ceiling) Thickness (inches)
Glass fiber insulation 3
Asbestos board 1/8

Plastic vapor barrier

Inside surface condition

Outside surface condition

Total R value for ceiling

Insuletion material (walls)

Slag block
Portland cement mortar
Polystyrene feoam insulat

Portland cement plaste

ation 1
(Styrospan)
1

LA
E nj wpe G0

Inside surface condition

Cutside surface condition

Total R value for walls

Assume no heat lost through inlet 1s zero.

R total

for bullding = 22.57

A = 5932 = 262.8 Btu/hr - OF

B 2257
Sample calculation: (ventilation rate for heat at l0°F)
= v gs - A
= 13.55 oL 2
T {600y (0,000 - 262.8 (60-40)
=0 3228 etm
Similar calculations for other outside temperatures yield

the foll

owing data;

R value

L1 10

2

\n
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Temperature Ventilation Rate (heat)
L0°F 3328 cfm
30°F 2i el
+ 20°F 1 5has
10°F 1afehe sl
0°F ohs
~10°F Tl 5%

The actual ventilation rate must meet the maximum
demand, which is the moisture removal requirements within the
range -10°F to LOCF, (Ses Figure (1)0. Since the curves for
heat and moisture do not intersect for this temperature range,

supplemental heat is required continually,

Calculation of Suvplemental Heat Reguired

At -10°F outside, 1380 cfm of outside ventilation air
is heated from -10°F to 60°F, The hog sensible heat warms
77l of the 1380 cfm to 60°F; supplemental heat warms the other
701 cfm.

Specific volume = V = 11,33 cu ft/1b

g = emount of supplementsl heat needed

a=MaCp t=Qcp ¢ tu x (GO-(-1a)}

]
min 11,33 &5 =

701 ££3 x  1b x 0,2h
1H0

el Loy

100 Btu/min

62,366 Btu/nr at -10°F outside

The heating system in piggery consists cf two Peerless
propane gas heaters, One heater is located on the east end of
the piggery and the other on the west end., They are capabls

of supplying 60,000 and 52,500 Btu/ht of output heat respectively,




Therefore, the requirement of supplemental heat can be easily
met by the combined capacity of both heaters.

The higher capacity heater is in the eezst end, because
the wall at that end is directly exposed to the atmospherse,
whereas on the West end there is an extension of the barn for
feed storage &nd slaughtering facilities, The east end is
also cooler because of air entering around the two doors and
that which comes in through the exhaust outlet when the fan is
norunnlins. - This has led to the clesing of the inletialong

the wall nearest these cpenings,

Fan Capacity

Once the amount o? vertlldt on requlred has been

oeterrlned, the capacwty @135 t%e fans in the piggery must be

~

checked to ensure ¢unct10nality of the system. 41Y

QlCe

wa\W&) QNS
l )Jrv:mm 54,\\.

There are three small exhaust fans of 12 inch diameter
located along the scouth wall, Each of these fans has a caps-
city of 1100 c¢fm. Their total combined capacity of 3300 cfm
is sufficient for the ventilation rate up to approximately
L0°F,

There is 2lso a Jamesway air distribution system,
consisting of & motorized inlet shutter, weather hood, a
six-bladed fan of 18 inches in diameter, directly driven
by a + horsepower electric motor, and a §9 foot long by 18
inch digmeter distribution tube with 3 inch holes in both sidss

at intervals of 3 feet, The intake capacity of this fan-jet

system is 3120 c¢fm &t 1/8 inch static pressure, The exhzust




L3 s " . ].-_"
fan connected to the fan-jet system is run by a 3

electric motor and is 2l inches in diameter., Its
is 725 efm. (A1l above mentioned capacaties are
static pressurs). Therefore, the capacity of the

in the nutrition viggery barn have obviously been

abel /8 inch
fan system

designed for

the higher summer ventilation requirements, and,using the propsr

controls, could be adapted to the winter ventilation rates,
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DISCUSSION

Since the barn is almost completely separated by an
insulated wall,/the fans in each section should operate to
remove one_half.of the moisture in the building.

Let both fans run continuously in the west end of the
piggery until the temperature drops to approximately 30°F,
Then turn fan Number 2 off., (See Figure 3). This is done
manually.

In the sast end, the small 12 inch fan should be run
continuously, and the large exhaust fan should be set to turn
on by thermostatic control at 30°F, When this large exhaust
fan goes on, the inlet shutters open and fresh air is blown
through the ube. Otherwise, when the fresh air is not enter-
ing, the fan-jet system runs continually to ecirculate the air
within the barn. This is also the method used to circulate
the supplemental heat produced by the gas hesters at both
ends of the barn, The heaters can be controlled by the same
thermostat as the fan-jet exhaust fan, and will turn off as the
exhaust fan is turned on at 30°F, Although, Figure (1),
supplemental heat is needed up to UO0°F, the amount becomes
guite small after 30°F, Also, it is very expensive to heat
the building when the large exhaust fan is on,

The minimum continuous flow is necessary beceuse when

none of the fans are operating, air comes in the inlets and

moisture vapor in the air condenses and freezes, clogging the
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inlets, Then, when the fans come back on, veloc
high, This causes severe turbulence which is not desired during
the winter,

Ihere are 2 total of thirty-one inlets located on the
north and south walls. These inlets are li feet long a2nd 1 inch

high, The configuration is

13

s shown in Figure (2). The

inlets are the key to good air distribution because they supply
the air uniformly in the building, to be circulated by the

fan< jet,

The nutrition piggery barn has a combination of both
positive and negative pressure systems. The small; continuously
running fans are an example of a2 negative pressure system
and the fan-jet is a positive pressure unit, This is a suitable
arrangement to ventilate and circulate air except that the
exhaust fan on the fan-jet unit is lccated within a few feet
of fhe intake fan. This sllows the air with a high moisture
content, which has just been expelled, to re:enter the building,
This could be an additional factor in ceusing excess moisture
at the intaske fan, If the fan-jet intake were located at the
other end of the building, on the celling, it would reducs
the effect of high molsture containing air being drawn in and
would 8lsoc help to recapture some of the heat lost through
the ceiling. This method has further justification when
ccnsidering literature which recommends an R value for the
ceiling of 10 to 20, The piggery's ceiling R value has been
calculated at 12.81. The attic receives ventilation air thraigh

the =2lot inlets along the north and south walls and through 2
(@] =)
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22 1nlets on the east and west

= L]

difficult to eliminate but the removal of the intake to th
west end will reduce the problem. The cleaning of the tube
is a difficult task at the moment because it must be disconn-
ected to remove the dust. If a rectangular plywood &air channel
were constructed, with hinged openings on the bottom, the dust
could be quickly and efficlently removed. With this alteration
the accumuletion of dust in the wooded alr channel and the
recirculation of some of it back into the piggery could be
controlled,

The plywood air channel could be constructed with the

same length and volume dimensions as the plastic tube. Three

inch holes on each side, at three foot intervals, could be drilled.

The air channel should be insulated to eliminate thg moisture
condensation at the entrance completely.

The odor problem in the piggery 1s mainly due to a
large defecation area used by the pigs 1n each psn, The gutter
1s midway between the wall and the front of the pen leaving
one-half of it continually wet with wastes and spilled water,
Without time consuming removel of these wastes, the odor is
hard to control on a s0lid concrete floor, The rearrangement
of the fan-jet system, eliminating the recirculation of expelled
air, should improve this prcblem, At the moment, I recommend

no construction be undertaken to a2lter the floor in the pens

until the effect of the new fan-jet system can be evaluated,
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The exhaust fan-jet capacity must be less than the
intake fan-jet capacity. Since this is not the case in the
nutrition piggery, the exhaust fan is thermostatically con-
trolled. This’system helps to control and balance the enviro-
ment by circulating air without cold drafts. It is also not
affected by outside wind pressure. For a better understanding

of the a2ir distribution pstterns, see Figure (li).
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CONCLUSIONS

s/

Install new plywood air channel, with hinged openings at

the bottom, Locate the intake fan's access to incoming

air through the attic on the west end of the piggery.
Insulate the plywood channel,

Close the former intake entrance at the east end permanently.

No measures should be tsken for odor control at this time.
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Table I.

Hoat and Molsture Production of
Growing-Finiehing Pige.

(AV WT I20 LR)

Total heat

Room temp. (°F) Water vapor production Water vapor with floors
production with solid floors 35% slotted
(BTU/pig/hr) (Ib/pig/hr) (Ib/pig/hr)

g0 480 396

80 462 285 2060

70 473 222 185

GO 504 .186 156

50 575 165 148

Agriculture Canada, Confinement Swine
Houeing, Publication IbsI, I67I,
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