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ONTINUED and increased use of
confinement systems for fattening

beef cattle is practical for many rea-
sons: surface runoff from feedlots is
practically eliminated, the cost and la-
‘bor required for bedding are de-
creased, problems with adverse sur-
face conditions and manure accumu-
lation are reduced, incidents of di-
scase are usually decreased, and
national and worldwide demands for
red meat are augmenting. When
1imal densities are increased, maxi-
mum utilization can be made of the la-
bor saving devices obtainable with in-
creased capitalization, However, as
animal densities increase, environ-
mental maintenance within a confine-
ment structure becomes an increasing-
ly important design consideration.

Therefore, accurate and pertinent

information is needed that will allow
livestock producers to employ ventila-
tion system designs that will improve
environmental conditions and allow
maximum economic production effi-
ciencies.

Various experiments, both winter
and summer, show only slight ad-
vantages in rate of gain and feed effi-
ciency for controlled environment
confinement systems as compared to
open front confinement buildings,

hich have natural ventilation sys-
tems. It is generally believed that the
marginal profits realized from this
slight advantage do not cover the
amortized investment. This suggests
the need for increased emphasis on
improving the design of open front or
cold confinement beef buildings.
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Proper design of confinement struc-
tures, which utilize natural ventilation
systems, are dependent upon the
availability of representative data that
describe the relationships between
environmental, climatic, and struc-

tural characteristics of livestock hous- .

ing systems. Therefore, a model study,
employing the techniques of dimen-
sional analysis, was initiated with the
following objectives:

1" Evaluation of the effects of ridge
vent design on airflow characteristics
and temperature in a2 model of an
open front becf confinement building
under actual weather conditions.

2 Determination of prediction
equations for ~the relationships be-
tween wind velocity and outlet velocity
in a model of an open front beef con-
finement building.

LITERATURE REVIEW

Ventitation of Beef Production Buildings

Beef housing ventilation systems
must be designed to provide airflow
rates that vary with climatic condi-
tions, livestock size and numbers, and
ambient conditions. During hot
weather operation, this includes pro-
viding air circulation gradients within
the structure, Hellickson et al. (1973).
Appleman and Owen (1970) reported
that one of the primary deleterious
effects of high temperatures in
enclosed livestock housing is the
resulting increase in water consump-
tion, which increases water vapor pro-
duction and increases urine output.
The resulting influences on livestock

housing systems design include in--

creased bedding and ventilation re-
quirements. In a hot atmosphere, a
small air movement (8.0 to 16.1
km/hr) has been found to be
beneficial to both lactating cows and
steers in the feedlot. Hellickson et al.
(1973) report that during cold weather
operation, a ventilation system should
be designed to remove excess moisture
and noxious and corrosive gases
without creating drafts on the live-
stock. The greatest hazard faced by
livestock during cold weather is stress
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caused by a combination of low tem-
peratures, moisture, and high air
velocity, Appleman and Owen (1970).

Addison (1972) found in unin-
sulated buildings that there is a need
for ventilation to provide animal com-
fort and reduce condensation and
frost accumulation. Addison also.
stated that natural ventilation can
provide sufficient movement of air
within buildings to prevent condensa-
tion.

Opon or semi-open beef shelters
with no air conditioning arc usually
considered to have adecquate air
circulation. Closed barns are not re-
commended in most arcas and for
most production systems, Kelly
(1960). Jedele and Andrew (1972),
using Illinois data, concluded that
natural air movement is adequate
during both winter and summer in
slotted tloor, cold confinecment barns.
Excellent winter ventilation is pro-
vided in open front buildings with
continuous ridges and rear wall eave
openings. For summer operation, the
winter ventilation system is supple-
mented by opening doors in the rear
wall. Brevik (1971) stated that cold
free-stall dairy barns are usually
ventilated by natural air movement
through openings under the eaves and
open ridges. Also, with natural
ventilation, a relatively flat roof will
not permit as much air movement as a
steeper roof; indicating that roof slope
is important.

Ridge Vent Design

Basically, two sets of factors are
involved in the design of ridge vents.
First, there are the external climatic
effects of rain, wind, and snow; and
secondly, the internal effects of air
movements, including convective air-
flows, Mitchell (1972).

An open ridge vent is recommended
by the Midwest Plan Service (1971) in
open front confinement buildings. In
the United States and Canada the in-
filtration of snow through open ridges
on naturally ventilated buildings has
been a problem. From research
conducted with models in a water
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FIG. 1 Types of Ridge Vents.

flume, it was found that the best
~asign for uncapped ridge vents was

1 upstand which formed a chimney
like structure continuously along the
ridge, Theakston and Underwood
(19065). Dutch workers, Harretsen and
Prinsen (1968), suggest that the
upstand along an open ridge should be
at an angle of 45 deg to the roof slope
to prevent the entry of rain forced up
the roof during windy conditions. In
England and Iceland open ridge vents
are covered to prevent entry of gentle
rain, Mitchell (1972). These studics
indicate that ridge vent design varies
with external climatic conditions.

A study of the effect of ridge vent
design on ventilation characteristics
by Dybwad (1972) in a one-twentieth
scale model of an open front building
revealed that ridge vent geometry had
a highly significant effect on ridge vent

-velocities. Highly significant linear
elationships were developed betwecn
the reciprocal of Reynolds number
and the ratio of outlet velocity to wind
velocity for four types of ridge vents.

Observed flow patterns from water
flume studies suggest that open ridges
can act both as air inlets and outlets.
In practice it appears the ridge covers
should be omitted in areas where driv-
ing snow is likely to be a problem.
Mitchell (1972).

TABLE 1. RELATIONSHIPS FOR PREDICTING 71 (Vo/Vyy)
FROM k7 (kCt/NLVw3) AND 715 (0V,Liu).

PROCEDURE

Appropriate design conditions and
functional relationships among in-
flucncing paramecters using dimen-
sional analysis werc employed in
designing a onc-sixth size model open
front beef continement building. The
model was distorted so that tempera-
ture difference in the model was equal
to temperature difference in the
prototype. The prototype was a 293 m
by 22 m open {ront beef confincment
building capable of housing 200 head
of 2032 to 544.8 kg beef cattle,
Frocehlich (1973).

The model was designed and
constructed with the assumption that
the same materials and fluid would be
used in the model and prototype. The
model was open on the south with an
eave inlet on the north. Trusses,
purlins, and poles were made of wood
and the sides and roof werc con-
structed of 26 gauge corrugated
galvanized steel. Corrugations were
flattencd mechanically to represent
corrugations one-sixth the depth of
normal corrugations. The four ridge
vents (Fig. 1) were constructed of 26
gauge galvanized metal and reduced
so that the four inch ridge outlet of the
prototype corresponds to a two-thirds
inch outlet for the model. Total
animal heat production, 4032 kcal/hr,
was simulated by using electric
resistant heating wire.

All experimental tests were per-
formed under natural weather condi-
tions in an open field north of the
South Dakota State University Agri-
cultural Engineering Building, se-
lected because of its apparent lack of
unnatural turbulence. During all tests
the model was orientated so that the
direction of the wind was normal to
the eave inlet along the major axis of
the model. To reduce the effects of
wind gusts, simultancous readings of
outlet and wind velocitics were taken
every 10 sec over 4 to 6 min test inter-
vals, Ventilation distribution patterns
within the model were evaluated using
smoke candles placed at selected loca-
tions. During all tests, pi terms de-

scribing the materials and geometry of
the model were held constant, while pi
terms describing environmental con-
ditions varied with dry bulb and wet
bulb temperatures and wind and
outlet velocities.

RESULTS AND DISCUSSION

Outlet Velocity

Step-wise multiple lincar regression
analyses revealed significant relation-
ships between the dependent  and
independent pi terms for all four types
of ridge vents. Coefficients of deter-
mination ranged from 72.6 percent for
the “overlapped ridge vent to 87.0
percent for the baftled ridge vent. Re-
lationships involving n; (kAt/NLVy,)
and ny; (@VwL/p) predicted the most
variation in the covered and baffled
ridge vents, and significantly affected
Vo/Vw in the open and overlapped
ridge vents. Therefore, to facilitate the
determination as to whether ridge vent
type significantly influenced outlet
velocity, linear relationships between
Vo/Vw, 13, and n,, were analyzed for
each of the four ridge vents. These
equations (Table 1( accounted for less
of the total variation in the ratio of
outlet velocity to wind velocity, but are
significant, straightforward, and facil-
itate comparisons among the ridge
vent types.

Analyses of variance using F-tests
reveated that ridge vent type signifi-
cantly affected outlet velocity for wind
velocities ranging from 0 to 12.2 m per
sec. The general equation predicting
the variation in Vo/Wy for the four
ridge vents studied is

VO

— =a+ by(kAt/NLV3) - ba{pVyLin).
w

13

The symbols are defined by Dybwad et
al. (1974). Analyses revealed highly
significant linear relationships be-
tween At and Vy, indicating tempera-
ture difference decreases as wind
velocity increases for all four ridge

TABLE 2. RELATIONSHIPS BETWEEN TEMPERATURE
DIFFERENCE (Ct), F, AND WIND VELOCITY (Vw), M/sec, FOR
THE FOUR RIDGE VENTS.

Ridge vent type Equation R2 Ridge vent type Equation R2
Covered g = 27(20)°2 + 36(10)2 7 - 83(10)9 5 70.1% Covered At=3.13 -12(10) 2V, 64.8%*
Baffled my = 28(10)°2 + 50(10)277 - 67(10) %715  84.3% Baffled At = 3.79 - 23.2(10)"2V,, 84,47
Open mp = 21(10)°2 + 72(10)2 17 - 38(10) 2719 65.0% Open At = 4.22 - 25.6(10)"2V,, 70.9%*
Overlapped  my = 21(10)2 + 13(10)2;7 - 46(10) %12 61.0% Overlapped At= 4.0 - 31(10)2v, 79.0%»

*Significant at the & percent level.
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**Significant at the 1 pexcent level.
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FIG. 2 Outlet velocity based on wind velocity and temperature

diffcrence.

vents (Table 2). Cocflicients of deter-

mination for the covered, baftled,

open, and overlapped ridge vents were

44,8, 84.4, 70.9, and 79.0 percent, re-
sectively.

After significant prediction equa-
tions for the relationship between V,
At, and Vy and highly significant
linear relationships between At and
Vw were established, outlet velocity
was computed using these relation-
ships for the four ridge vents (Fig. 2).
Out let velocities equal to 0.30S,
0.305, 0.40, and 0.229 m/sec were
measured for the covered, baffled,
open, and overlapped ridge vents,
respectively, at zero wind velocity. For
wind velocities from 0 to 6.1 m/sec
outlet velocities increased nearly line-
arly for all four ridge vents with little
difference noted between the covered,
open, and overlapped ridge vents (Fig.
2). For wind velocities 6.1 to 12,2
m/sec outlet velocity varied curviline-
.arly with wind velocity for all ridge,
_ents, and a considerable variation in
outlet velocities was noted between the
four ridge vents. Indications were that
greater amounts of turbulence and
correspondingly lesser amounts of
flow occurred with the covered ridge
vent. Therefore, as wind velocity
increased above 6.1 m/sec, outlet
velocity decreased. Similar but less
pronounced results were noted with
the baffled and overlapped ridge
vents.

Assuming zero airflow through the
open side of the model, comparisons
were made between actual outlet
velocity and an ideal outlet velocity (an
airflow that would prevent condensa-
tion in the model). For the test trials
on April 23, 1973, the dry bulb and
wet bulb inside and outside tempera-
tures for the covered, baffled, open,

and overlapped ridge vents were 20,
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12.2, 16.1, 10.0; 18.3, 11.1, 14.4, 8.3;
19.4, 12.2, 16.1, 10.0; and 18.9, 11.7,
15.0, 9.4 C, respectively, Using these
temperature values and psychrometric
relationships the calculated ideal
outlet velocities, which would be
sufficient to rid the internal environ-
ment of the model of 1.70 kg of
water vapor per hour, were 0.40, 0.43,
0.43, and 0.46 m/sec, while the
average actual (measured) outlet
velocities were 0.40, 0.43, 0.37, and
0.37 m/sec for the covered, baftled,
open, and overlapped ridge vents,
respectively. The actual outlet veloc-
ities are slightly smaller than the ideal
outlet velocities; however, during all
tests condensation was never observed
in the model, indicating airflow
occurred through the open side of the
model.

Ventilation distribution within the
model building was studied at wind
velocitics of 0 and 4.6 m/sec for all
four ridge vents using smoke candles.
Observed airflow patterns were essen-
tially the same for all four ridge vents
with differences in outlet velocity as
previously cited. At zero wind velocity
(airflow influenced only by convective
forces) the north eave inlet acts as an
outlet and the estimated flow percent-
ages through the ridge vent, eave vent,
and open side were 65, 10 and 25
percent, respectively. When wind
velocity equalled 4.6 m/sec there was
more turbulence under the open ridge
vent than under the baffled ridge vent.
During all smoke tests the windward
corners of the model remained
stagnant and only slight airflow
movements were noticed at cattle
level.

Temperature Difference

Temperature difference decreased
with increasing wind velocity for all

WIND VKLOCITY (V,), Ft/Sec

FIG. 3 Temperature difference as affected by wind velocity.

ridge vents (Fig, 3) with similar
responses  cvident for the baflled,
open, and overlapped ridge vents. The
least change in temperature difference
over wind velocities ranging from 0 to
12.2 m/sec occurred with the covered
ridge vent. Temperature differences
for the covered, baffled, open, and
overlapped ridge vents at zero wind
velocity were 3.1, 3.1, 4.2, and 4.1 C;
at a 4.6 m/sec wind velocity: 2.6, 2.6,
2.8 and 2.6 C; and at a wind velocity
0f9.2 m/sec: 2.0, 1.4, 1.2, and 1.1 C,
respectively. Ridge vent geometry sig-
nificantly affected temperature differ-
ence for wind ranging from 0 to 12.2
m/sec.

Comparisons With Previous Study

Comparisons with a laboratory
study by Dybwad (1972), who used a
one-twentieth size model, were per-
formed. Over the wind velocity range
ot 0 to approximately 6.1 m/scc in the
one-twenticth size model, outlet veloc-
ity related linearly to wind velocity.
This was also the case in the one-sixth
size model. For wind velocities from 0
to 9.2 m/sec the open ridge vent had
the highest outlet velocity in the
one-twentieth size model, while in the
one-sixth model the baffled ridge vent
had the highest outlet velocity. The
covered ridge vent had the least outlet
velocity in the one-twentieth size
model. In the one-sixth size model the
least outlet velocity was found for the
overlapped ridge vent for wind
velocities from O to 4.6 m/sec and for
the covered 'ridge vent for wind
velocities from 4.6 to 12.2 m/sec. In
both models temperature difference
decreased with increasing wind veloc-
ity and ridge vent geometry had a
significant effect on outlet velocity and
temperature difference.

To analyze distortion, outlet veloc-
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FIG. 4 Prototype outlet velocity predicted by 1/6th and 1/20th size

models.

ities in the one-twentieth size and
one-sixth size models were compared
using the significant relationships de-

loped in each test, the dependent
variable (Vo/Vy), and Reynolds
number {(QVwL/u). Fig. 4 presents
prototype outlet velocitics calculated
for the one-sixth and the onc-twenti-
eth size models plotted against wind
velocity ranging from 1.52 to 6.1
m/sec. Distortion is present, since
these two relationships do not predict
the same prototype outlet velocity at
corresponding wind velocities. The
effects of distortion need to be further
.analyzed by applying the pi term
functional relationships for the models
to a prototype, as stated by Murphy
(1950). However, the fact that distor-
tion is present and has not been
defined does not invalidate the results
of this study.

CONCLUSIONS
The following conclusions were
reached in this study:
1 Ridge vent design has a signifi-
cant effect on outlet velocity.
2 The linear relationships devel-
oped between outlet velocity, wind

1975—~TRANSACTIONS of the ASAE

velocity, kAt/NLV,;? and Reynolds
number reveal similar trends in outlet
velocity through the open and over-
lapped and through the baffled and
covered ridge vents.

3 The baftled ridge vent had the
highest outlet velocity for wind
velocities from 0 to 9.2 m/see. For
wind velocities from 9.2 to 12.1 m/scc
the open ridge vent had the highest
outlet velocity.

4 Ridge vent geometry has a signifi-
cant effect on the difference between
inside and outside temperature.

5 The linear relationships devel-
oped between temperature difference
and wind velocity reveal similar trends
for the open, batfled, and overlapped
ridge vents.

6 Model studies of ventilation and
temperature characteristics of open
front beef buildings indicate a prefer-
ence for the open and baffled ridge
vents.

7 A comparison study between a
one-twentieth size and a one-sixth size
open front beef confinement model
revealed distortion effects; however, pi
term functional relationships should

be studied on a prototype before any

conclusive trends can be established.
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