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the walls and riáge for {entilation. In 1991, a free-stall helf,er barn
at (enptville ColÍege naE renovated to incorporat,e a natural ventllat,lorr
systen- consisting o? a series of chimneys and auto¡natically controlled
sidewall curtains conplet,e t¿ith wirdbreaks.

Thè purpose of this study was to determine the f,reEaency and extent of
sidelati curtaín ¡¡ovemen€, nonitor ir¡door envlronnent, and dete¡:mine the
mirrimun.¡idewall and ridge openings reguired to ensure âdêquate winter
ventilation.
prelininary results obtaÍned durfng the winter of 9L/92 indicate that
the curtains moved almost ever day including when the outside
têDpêrËÈurè nas below -2O'C. Excellent tenperature regulatíon vràs
obsär.ved. High relative hurnidity l{as not,ed (>9Ot) however, when
accompanied wtltr indoor temperatureÊ of 0-5'C, indoor environ¡nent
appeared to be excellent.

Papers presented before Ö,SAE meetings are considered
resorver¡ the right of flnt publlcation of suöh papers, ln co
condénsed torm, with crgdlt to the Society and the a
publicatlon. Pdnnisâ¡on.to puHlsh a papcr ln full may
Ofñce #ô, S¡skatoon, SáskatcheuËn, ö¡n¡da S7N 0W
adva¡rccd ln Þap€rt or dlscusslons at lts meetlngs.
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I
REST'MÉ

HabitUellenent, Ies étaþtes à envÍronnement nodÍfié sont Peu
isolées et Ie contrôIe des ouvertures dans les murs et au faite
pour Ia ventilation naturelle est fait manUellenent.

En 199L, une étable à loEette pgur les taures de remplacement a été
cornplètement rénovée au CoI systèrne
de ventilation naturelle et des
rideaux plastiques continus panneau
brise-vent a éÈé ajouté par-dessus les rideaux plastiques.

Les buts de cette étude sont de mesurer les mouvements des rideaux
ptastiques ainsi que leurs fréquences, de vérifier la qualité de
i ,air intérieur et de déterminer les ouvertures ¡nininu¡ns
nécessaires dans 1es murs et des chenj-nées Pour assurer une
ventilation adéquate durant Ithiver.
Les résultats préIininaires de I'hiver 9L/92 indiguent que les
rideaux plastÍgues sont réajustés à chaque jour à lrexception des
longues périodes de froid extrême (température en-dessous de
20'c).
Le contrôle de Ia ternpérature intérieure est excellent.

Lorsgue les températures intérieures du bâtinent varient entre 0 et
5'C, des Èaux dthunidité relative au-dessus de 90t ont fréErennent
été mesurés. Malgré ces hauts taux d'hr¡midité, Ia qualité de
Irenvironnement intérieur. sernblait être excellente.

TNTRODUCTION

Automatically contrplled natural ventilation systeurs are being used
with considèrable success in Eastern Ontario in ltar¡û fully
insulated buildings. Applications include tie-sta1l and free-stal1
dairy barns, swine growing/finishing and gestation barns, and so¡ne
poulLry barns. Typically a continuous ridge opening Qr a series of
ónirnneys is manually controlled white the size of sidewall openings
is autãnatícaIly cóntrolled using thermostats and an electfonic
tining circuit.
To date cold and nodified environment dairy barns have relied on
open ridges, and windows or doors in the sidewalls for natural
väntilatibn'however the control of the size of these opehings has
been manual. Earlier design required the operator. to open or close
each individual opening while Iater designs etere inproved by
incorporating a winch and cable system whereby several openings
could be manually controlled at one tine and in a more gr4dual
fashion. This stÍI1 reguired the operator to be continually
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nonitoring n, and how
much to'adJ oPerators
could genei n the barn
but Aitficutties could arise w changed
rapidly or not as predicted. This was of particular concern during
cold and changing" weather.

Giveir the good tenpeiature controi achieved in warn naturally
ventilated Éarns using an automatic control system it was'decided
to install a sirnflar autonatic control. systèn. in a nodified
environment barn. The inside environment conditions as well as
frequency and extent of adjustnänt of the sidewall openings would
be ¡ñonitórea throughout the winter period,. As well, the chimney
opéning síze in thè ridge and ninimum sidewall opening'size could
bä adjusted to try and dete¡:mine what the nininum settings should
be to ensure adequate minimum ventilation Ín cold weather.

The feasibility of using suih an automatically controlled natural
ventilation syètem in a modified environment barn, and estinates of
the sidewall and ridge openings required to ensure adequate
ventilation were discussed earlier by Choinière et aI. (1990).

ORTECTIVES

The

t.

2.

3.

objectives of this study vtere as "follows: :

to monitor the freguency and extent of sideÛa1I opening
adjustment effected by the auÈomatÍc control systen over a
wintef season' to monitor the indoor environrnental conditions 'achieved by
measurin! ternperature relat,ive hurnidity and Co, concentrations
as we1I as outside weather conditions
to compare thé inside environrnental performance achieved for
differend given rninirnum sidewall and chimney opening sizes in
order to determine ninimum sizes required Èo ensure adequate
vent,ilation

METHODS AND PROCEDURES

Barn Description

The barn on the Kenptville College campus was originally 12- n wide
with slotted floor pens for beef cattle along both sídes of a
3.6 ¡n wide centre feed alley. This bàrn was recently convert,ed for
dairy heifers by extending the widt^ 2.4 n each way in order to add
two iows of free-stalls. À cross-section of the ienovated barn is
shown in Fig.l and plan in Fig.2.
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D wide open
e cgntinuous
be raised or

winch systen in orcler t'o adjustFreezing inside and entiance of
oblems with Iþi= barn..' '

Às part of, the renovation, the continuouq ridge opening was,sealed
a1Ç replacgS, with. a series of seven chinneyl eách wittr i'ts 91¿;adjustable 'inside ,baffle simíLai' to that. Ënown in canada plan

ntilation. For Ítlarm Housl,ng. With
open position, the total throat

nt to ppproxinately a 50 Tn wide

The same type of flexible curtain and cable systen wäs retained forthe sidewa winch was replaced by annodulated . This conträl systeñ iscommerci-all ally designed for ñaturallyventilated s däscribe-á Uy cnoinière andMunroe (199 plan selr¡íce leailet M-9760 wasaLso added.

The insulation values of the roof,
approxirnately RSI 2.4 , O.B and O.2

Automatic ControL Svstem

et a1. (1991), this type of
curtaíns to open or close in

three minutes Ín response to an
ostat eras used to control each

at nidlength ,of the barn about 3m fron the sidewarl and 2.4 n high -' just,.éut.of the reach of thecattle. The" thernostats were seC to aêtivate tne curtains to-opãn
r¡þen the inside teinperaturå exceeded 3*s;c.--rt-wu=-iJrt that thistenperature h¡as as row as v/e should' cjb , in order to r.ãp -;tfreezing problems in the barn to a ri"ir-"r. rne àèãa band of thethermostat was set at 0.5.C

Chinnev and Sidewall Openincr SÍzes

Different sizes of chimney and nini¡num sidewall openings weretested to detennine what openings must be naintainåd to ensureacceptable inside envj.ronmental còndiÈions in cold weather. For agiven.test, the baffles in the chinneys were set at either the

(1990) as being required for adequate winter ventilation in

sidewalt and curtains were
respectively.



The tenperatures in the aninal area of the barn ltere detemined
using four thermocouples at-iniroat tevel átta ot'" near the ridge in
each of three crosé sections- ãr the blrl -!1t -:-total 

of 15

thermocouples. one ="rr=ot=-i"=táff"d 
just above animal level and

one near the ridge, ât each--of two locations along the barn'

monitored relative numidity.--- Air saurPles were continuousfy drawn

through t O mm diameter tubes from Z¿ 
-focãtions in the barn' ÀII

tubes entered a conmon u,ixrnq Uã* ftot.which the air was lfithdrawn
by a single pu*p. The COr-Eoñðãntration measured in the exhaust

stream of this punp ldas cãnsiaerea to 
.be the average COz

concentration in the barn

Linear displacement transducers rtere attached to the actuators for
the curtains. This enabled iãontinuous nonitoring of the actual

"ãitiðár 
position of the curtain'

À 10 rn high weather sÈation was erected apnroxinately 20 m from the

building and provided winã -=p""-d, 
. i-i"a direction' outside

temperarure and orrtside- tãiãti"ã--hünidity' An ad-ditional Coz

;äil;;;--""a Ëårnprins tube'tã"il"ted the outside co, Ievel'

All sensorS except the linear displac,ement tLansducers indicatinq
curtain posÍtion were scanned ever! ZO =-ána averaqe!-over a 3 min'

interval. The linear aispräcement transducers were scanned once at

the end of each three tittntã-i"ten¡at' The three ninute intental
vras selected to match th; sãánning. frequency of the modulated

tñennostat which activated the curtains'

Data was then recorded through a data logger to a microcomputer for
further analYsis

Aninal numbers and feeding levels were tranSferred manually from

normal- barn records
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RESULTS 'À}TD DTSCUSSTON :..

Although lnq anarysis of the results has not yet been completed,
some prelininary obserr¡ations are noteworthy.- three data sets(Figures 3, 4 and 5) were selected to show Èypicaf responses duringdifferent weather c.onditiols. '

.:

cuÉtain operátiori : "' f,

There stere only 11 occasions over the winter when the curtains wereat their minimun opening position continuously for more than 12 h,including three occasions lasting nore than 24 YL (nanefy'29, ¡¿ anå46 h). Usually the curtains did not begin to close- from their
maxj-mum opening."position untÍI the outsidJtenperature dropped to -S'c,-,pr lower if the wind speed was row, Aè werr,'ttref aia notreach their ¡ninimurn opening fosition unÈil the outside teiperature
dropped to at least -15'c. Àt colder tenperatures, the oþerationof the curtains was more dependent on winä'speed. If winä =1"ãasy"5ä J-ow, the cuttii"t *t" often operating wïr"r, tenperatures were

=- below -2 O'C.

fnside Barn Temperature

Temperature control within the barn eras verT good. Therè wasLittle. fluctuation in temperature from point io-point within the
barn' . dpace. The band 'in the top palrt of ri-gs . 3 ¡ 4 ¡ and 5_ . ..) .:.indiéating inside temperature is actuãtty five iialviauår rinesrepresenting the five thermocouples at the centre cross-section ofthe barn. When the curtains vrere operating, the barn ternperatureremained nately 4.c. The - in' at.this curtainb closed umpos,ition when the' curta totheir mi outËtde tenþëra todrop, then the _i-n.side Þarn temperature would also drop but usually
noË as much. The coldêst, teurþerature noted in the,Ëarn over thågintgl period was -6oC and thls occurred on a wíndy day when the. ôutside temperature $ras'-25'c. on the coldest d"i, tnte outsidetenperature dropped to -30'C but due to lowdr wind speeds, the barnternþerature only dropped . to -4 o C. ',' )"

fnside.. Barn Relative Hunid,ilv

Relative hunidities in the 80-958 range were connon however very
seldom were there signs of moisture proÉIens such as fogging, froston nailheads,_ dripping from the ceiling, coughing by thá-caÉå1", orconplaints fron operational staff. gâsed -on the authorslexperience, inside environmental conditions during any inspectionvisits $¡ere always considered to be very good. rraãitibnalfy- -"iitt
such high relative hunidity realings oire-would expect sone of theaforementioned noisture problems. The authors feel that theseproblems ltere nini¡nal because of the lower barn ternperatures and
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the automatic control system pernitting the
ãôó" as outEide weaÈher conditions inproved'

curtains to open as

@? Levels

The Co- Ievels varied in the barn due both to varying ventilation
iäi""-á"á cattle activity. Concentrations did appr.oach 3000 pPn on
two occasions *tt.t the oútside tenperature dropped to approxinately
-30'c and the wind sPeeds were low.

Chi¡nnev and SidewaLl openinq Sizes

Although the analysis of data ís incornplete, iÈ.is of interest to
Iook aú tne 11 ocóasions when the.sidewall curtains were closed to
their or more' Tàble 1

givesê.Certainly.there
were when the chinneys
weçe idge oPening of 150
¡nm 'b there would have been many úore
occasions when the curtains would have remained continuously at
their minimum position for L2 h or more.

Differences betv¡een"à mininum sidewall opening of 25 versus 50 nn

are not as clear

Overall it appears that the conbinations of chirnney. and sidewall
op"r,irrg= ,r="ä-piãviaãà very good environmental conditions in the
barn over the cold periodè of the winter. As wellr. there were
seldo¡n long periods'when the automatic control system was not
ã"ii"áting -tf,ã curtains. This freguency of adjustment would not be
feasible with a manually controlled system.

SUI{IIIARY A}TD CONCLUSIONS

A conmercially available autonatic conÇrol systen -uii.ng ¡nodulat'ed
ther¡nostats wãs incorporated into the.nâtural ventilation system of
a nóaitied environmen-t dairy heifer barn. The thermostats were set
ãg ã.s;ó á"a inside enviro¡inental conditions and curtaÍn movernent
*ã¡ã ro"iiðied over Èhe 9 L-gz winter period-. Venti.lation openings
cónsisted of seven 

.èhlnneys with a total wide open- -throat area
ãpprõxinately equivalent tõ a 50 ¡n¡n wide continuous ridge opening,

"i.tä 
continuo-u= 

-sia"ioaff openings conplete with an automatically
controlled flexible curtains. - Testè were run over the winter
wh-reby the chirnneys stere set at their closed.r, half ,. o^r fully open
pãsitiän, and ttre ¡ninimum opening of the curtains at 25 or 50 nm.

ns were naintained Ín the barn
outside tempejratures dropped to -
ns when the curtains.remained at
continuouslY for nore than L2 h.
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Further"laiiäiysis of the data wiLl be required to detèrnine the
required nininun sidewall and''chinney oþening sizes to ensure
adequate winter ventilation rates.

RÉSTTMÉ ETiCONCLUSTON

Une étable à taure à environnement nodifié a été rénovée pour
utiliser un nouveau système automatique de ventilation naturelle.
Les thermostats ont été réglés à 3.5'C. Lteñvironnenent intérieur
ainsi que les mouvernents esurés
durant 1thiver 9L-92. gui,
lorsgurouvertes à leuf po erture
continue au faîte du'toit s murs
consistent de rideaui plastiques contrôIés autonatiquenent
recouverts.de panneaux pare-vents. Les essais hivernaux ont été
faits àvec'Ies cheninées fermées, à deni-ouvertes ou conplètement
ouvertes en conjonction avec des ouvertures ninimuns continues de
25 ou 50 rnrn dans les nurs.

Mêne avec des ternpératures extérieures de -30'C, les conditions de
1 lenvironnenent à I t intéri-eur étaient excellentes. Dt¡rant tout
I fhiver 9l-92, les rideaux plastiques sont restés innobiles durant
L2 heures consécutives gl,à seulenent 11 occas.+9ns.

Une interprétation approfondie des résultats est en cours pour
détermingr Itaire drouvertures mínimr¡m des murs et des cheninées
pour 'as'surer une ventilation hivêrnale adéquate.
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