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The Effect of Thermal Buoyancy on Air Flow and Temperature
Distribution in a Slot—Ventilated Livestock Building

715 AN A 7HEe] G} B71F 719 2ol 9 g #y )i (thermal buoyancy) ©l & 717%%
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* This paper was presented in the International Symposium on "Room Air Convection and Ventilation Effective-
nessJ at the University of Tokyo, July 22~24, 1992.
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I . Introduction

The rapid rise of the value of land and wages
has led to the development of a livestock indus-
trv which relies on more confined methods of
production. Since improper indoor environme-
nts lower the efficiency of production and rep-
roduction of animals in a confined livestock bui-
lding and detrimental to workers (Scott et al.,
1983" + Choi, 1989%), it is necessary to provide

an appropriate indoor environment,

Temperature, humidity, and contaminants
(dust and harmful gases) are the major enviro-
nmental parameters controlled. Mechanical ve-
ntilation 1s a practically acceptable medium to
dilute contaminants in a confined livestock buil-
ding. A conventional ventilation graph based on
temperature, humidity and contaminant control
was defined by Christianson and Fehr(1983)%.
This determines the ventilation rate needed as-

suming complete mixing.

It often happens that incoming air is exhaus-
ted to outlet without mixing with existing in-
door air(short-circuiting) or that air speeds
reach almost zero in some regions(stangnant
zone) so that ventilation air flow does not dilute
effectively contaminants in a building. Determi-
ning the ventilation rate based on the conven-
tional ventilation graphs is necessary but not
sufficient. A quantitative study should go along
with a qualitative study to confirm the effective-
ness of the ventilation system for a livestock
building (Albright, 1990)". A qualitative study
includes predicting scalars (temperature, hu-
midity and contaminants) distributions deter-
mined by air flow in a ventilated building deter-
mined by air flow. Thus it is important to exp-
lore air flow patterns in a livestock building,

which provides basic information for optimum

Q.
&

3 LR MR A

design of the ventilation system.

A research group of NIAE in UK. has condu-
cted extensive experimental work on air flow
patterns in a full-scale livestock building. Car-
penter et al. (1972)", Randall (1975)*, Randall
and Battams (1976)7. Boon (1978)%, Capenter
and Moulsely (1978)"', Randall (1979)™, Ran-
dall (1980)"", Boon (1984)" visualized air flow
patterns for various flow configurations in a li-
vestock huilding > the effect of building layout,
the effect of ambient temperature, and the effect
of internal obstruction. Some of their works stu-
died the stability criterion of non-isothermal air
flow. However, since the adjustment of the pa-
rameters of structure and ventilation system is
both difficult and in expensive a full-scale ex-
perimental structure, it is not readily adaptable
for prediction of air movement in a livestock
builiding. This is the major shortcoming of ex-

perimental work.

Timmons(1979)"™ employed fluid dynamic
theorv in simulating air flow in a ventilated
space to overcome the limitation of experiment.
He formulated the modified inviscid Navier-
Stokes equations with the y-w method to simu-
late overall air flow patterns, which has not
been often used due to its serious shortcomings.
Choi et al.(1988, 1990) "> applied the k-¢ tur-
bulence model for calculation of air velocities in
a ventilated enclosure with and without internal

obstruction.

The work presented in this article was to in-
vestigate the effect of buoyancy force on air
flow, created by the difference between the te-
mperature of entering air jet and that of the
room, and the effect of obstruction. A modified
version of the TEACH-like computer code was
used to predict air flow in a ventilated livestock

building.
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II. Mathermatical Model

1. Turbulence Model (two-equation model

. k- model)

Since air motion in a livestock building is ba-
scially turbulent flow, the terms created in deri-
vation of the governing equations for turbulent
air motion should be quanitified. The oldest
proposal for modeling the turbulent stresses, -
{uiuj? turned oul w pecome a significant part of
most turbulence models of practical use today.
Boussinesq s eddy-viscosity concept which as-
sumes that, in analogy to the viscous stresses in
laminar flows, the turbulent stresses are propo-
rtional to the mean-velocity gradients. For ge-
neral flow situations, this concept may be exp-
ressed as -

U, U

—uuy = —v.(—— +

)—2/31< & (D
aXj B

Turbulent viscosity(y), in contrast to the
molecular viscosity(v), is not a fluid property
but depends strongly on the state of turbulence.
Turbulence is assumed to be characterized by
the turbulent kinetic energy, k, and its dissipa-
tion rate, €, known as the two-equation turbule-
nce model. Turbulent viscosity is determined by

local values of k and e.

2. Grid Generation for Curvilinear Coordina-

tes

In general, grid generation is a mapping bet-
ween a physical space and a computational
space(see Fig. 1). The transformation is given

by the functions™ :

obian(J) can be defined in Eq.(4) and &,
¢. Mw My can be exptessed in terms of J. Note

that & denotes af/ox, 1, denotes an/ax.

J= 0 v % YO =& =& ) 7 e (4)
é.\':yn/-] : 5\:_){,1/_] CThT —’Yé/.] : T]>:X§/-I
................................................... (5)

a. Physical Plane

e
:Iw :IP E
s js dgj

A A

b. Computational Plane

Fig. 1 Mapping from physical plane to computa-

tional plane

3. Governing Equations

Air motion in a livestock building is bascially
a turbulent flow, which is governed by the laws
of mass, momentum, and energy conservation.

The governing differential equations of turbu-
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lent flow take the following forms for steady-
state, two dimensional, non-isothermal mean
flow. The equations are expressed by the Cur-

vilinear Coordinates.

1) Continuity :

The inverse-tranformation vectors, U and V
can be defined in terms of velocities in x~direc-
tion, u, and velocity in y-direction, v, in Carte-
sian Coordinates. U and V are a velocity compo-

nent perpendicular to & n, respectively.
U=& utév: V=noutpueses (8

2) U-Momentum Transport Equation :
wt (), +(uv),=—p+(2 v, u),+ (v
(U F¥y)), oreeremeremms s, (9)
=Ju,+ (JUuw:+ (JVw),= = J&p):— Unpds
+ (v (E2+EDus+ (2Em +Em I u, + &~
Ve ENw) )+ v (@&t E)ug+ (2n
+0, 00, F vt ), e (10)

3) V-Momentum Equation :

vt (uv), + (vo) = —p,+ (v, (u, +v))  +

(v, ), e (11)

—=Jv+ U+ V)= —J&p):— Unp),
+ (v ((E2+282) v+ (Em 2800 v,
+&&uet Emyuy) )+ (v ((n & +2
n&D v+ (4 20D vy + néoug + -
) )y

4) Turbulent Kinetic Energy Transport
Equation (k) :
k+ (ku) o+ (kv).= (vkJ/o) .+ (v, kJo)),
P (13)
=Tk + QU+ VK, = Qv (€2+ED K+
(Em+Em) k) /o) + (v((En+Em )k +
A+ )k o), v S—) e (14)

145 2 22X nAe ¥

where, $=2u+2v+ (u, t+v,)?

S=2(((J& We+Un, w,)/ Di+2
CJ& et Gy v/ D+ e,
utJE V)t (n, utn, v),) /D2

5) Dissipation rate of Turbulent Kinetic Ene-

rgv Transport Equation (e—equation) :

e+ (ew,+ (ev), = (v, g,/o2)+ (v, &/02)  +
CIEV, S/K—C-_' 83/1{ Cedensistsesasiasasacons (15)
—Je,+ (JUe) .+ (V)= (v ((E2+ED e+
(Em+HEn) e /o) e+ Qv Em+EnJe+
(A nDed /o)t Jeev, S/k—Joe/k

6) Thermal Energy Transport Equation (h)

h+ (hw), + (hv), = (v.hx/o) + (yhy
Q1) e (17
—Jh+ UL+ (JVh),= (y.((€2+E)
he+ (Ene+tEnD  hy) /o) + On((En,
+&n) het (nd+n) hy)/oy),

where, y.=v./Pr,
Table 1. Value of Constants in the Eq.(8)~
(18)

C. Co C C, o} G2
009 10 144 192 10 13

II. Numerical Analysis

1. Discretization by the Control Volume
Methods

Eq.s (6)~(18) can be expressed in the disc-
retized equations for single phase flow. Non-
staggered grid and QUICK scheme were app-

lied not only to scalar transport equations but
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also to momentum transport equations to for-
mulate discretized equations in the curvilinear

coordinates.

——i)——L-@z—b n=4
b—iﬁ—(':
|

n=4-1

E=i-1 =i =i+]

a. Grids for a Full Control Volume

| S -

é Lt
-

1o

VA

’i’ b =4

.

20—

b

é w41
7 |

E=i+t

o
H
&~

b. Grids for a Half-Control Volume at Walls

Fig. 2 Computational Control Volume for Integ-

ration

The discretized equations were obtained by
integrating the governing equations at the cont-
rol volume in Fig. 2a in which all dependent va-
riables are defined at the same nodal point, ®.
The convective, the diffusive, and pressure gra-
dient terms of the governing equations take the
identical form of Eq.(19).

F:(R;‘*‘Sq)/] .............................. (19)

PR P Rl P4 itz ie1e

BEAE]fF Jdidn=f

4 (R 4

(R:+S,)d&dn=R(i+1/2, ) —R(i—1/2, })
+5@, j+1/2)—SG, j—1/2) = (20)

The discretized equation at walls was obtai-
ned by integrating Eq.(19) at a half control vo-

lume for nodal point ® :

fFd.=RG+1/2, ) —RG, P+ (S(, j+1/2)—
SU, = 1/2))/2 -weresrmrsrsreserriesissies (21)

The integrating area can be changed similarly
for the one-fourth or the one-eight control vo-
lume types according to the location of control
volume. An integration for a term that cannot be
expressed in the form of the surface integration
represents the value at the nodal point, ie., a va-
lue at the center of the control volume. For exa-
mple, the integration of the production term of
the k transport equation (14) can he expressed

as follows :

jHe it

fllvt Sdu:f J ., Ve S J déd'ﬂ

Nl VA Sl Vi

Z(JV: S)ij ................................. (22)
An algebraic equation of discrete dependent
variables can be obtained at each nodal point by
integration over the cooresponding control vo-

lume with Eq.s (19) and (20).
These algebraic equations can be solved at all
nodal points simultaneously using a relaxation

method.
2. QUICK Scheme

The Quick scheme was applied to formulate
the convection term of momentum egquations
(Leonard, 1980)" and the transport equations
of k and ¢ in this study. When expressing the
convection term in a form of Eq.(19), the terms,
R(i+1/2, ), RG—1/2, ) in Eq.(20) mean mo-
mentum flux through the surface with constant

&, which can be expressed by :
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R(]" 1/2, ]) = ((JU)i"]/Z.j} ((Ui,,+ ;- 1,)/2_
CURVN/8+CURVT/24} rvvevserseeseon (23)

where, CURVN/8 and CURVT/24 shows up-

wind effect in discretization.

if Ui 1;3_j>0, then CUR\’N:U[J—ZUFI_,_'_ LA

i CURVT=uw i = 2w tuigjeqmeeeeees (24)
if Uioy2;20, then CURVN=w.;;,—2u;+u
; : CURV'F: Ui_j~ — Zui‘i + Ujjep oot (25)

3. Boundary Conditions

In a curvilinear coordinate svstem, the boun-
dary surface is treated as a curved surface with
a constant value of & n, regardless of its comp-
lexity. Such a property makes the computational
houndary easy to formulate the boundary con-
ditions.

In the present method, the imaginary compu-
tational boundary is set just inside the physical
region of the flow field. The computational bou-
ndary surafce is parallel to the physical boun-
dary surface apart from the short distance. 2 H,
shown in Fig. 3. Thus, small deviation of surface
area hetween the physical houndary and the co-
mputational boundary was ignored in the com-

putation. With this positioning of the boundary,

Fig. 3 Velocity components at wall boundary
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velocity components at the computational boun-
dary, as well as those within the inner flow re-
gion may be calculated using momentum equa-
tions. The physical boundary imposes its boun-
dary conditions on the computational boundary,
which is set just inside the physical surface,
using the proper wall law or wall function.

Wall boundary conditions for velocity compo-
nents, turbulent kinetic energy, and its dissipa-
tion rate were based on power law, free slip co-
ndition, and wall function respectively. More
details about boundary conditions are found in
Patankar(1980) .

1) boundary conditions for velocity compo-
nents (power law) :
u‘:U“(N/AH)"‘ ........................ (26)

where, U"'=u':;+ {au/aTI AT= w0+ [ u:
(& &) +uty(n, nd b+ (0, 6) 1A
T
AH=(x, v —(n' nY)
AT= (¥~ (6 )

2} bhoundary conditions for turbulent kinetic
energy(free slip condition) :

ak/aN= (&, &)« (', )k + (ny, n)i * (Y,
n‘\)]\'..zo ........................ (27)
where, k=Lt y (ki — k- 1) /2
Y=o ny - (0, ) /&, &)y

(n*, n)) : aspect ration

3) boundary condition for dissipation rate
(wall function) :
ag/aN= (&, &)y (nY, ne+(n, n)ye
(n, e, =(e"—gd/hrerreene (28)

where, "= ((C;,*'/xh) k;**
ei= (g /AH—eh+(n, 1)y (0,
n‘)(a__. -1 Eij —1) }/(I/AH_ 1/1])

4. SIMPLE-like Algorithm

The solution algorithm is a marching one,
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that sweeps the domain in a slab-by-slab fa-
shion. A slab is an X-Y plane of cells, and con-
tains NX * NY cells. The code has three levels
of iteration. The iteration level 1 in Fig. 2 the
NX # NY system of equations for a variable ¢
at each slab, using either a generalized 2D ver-
sion of the well-known Tri-Diagonal Matrix Al-
gorithm (TDMA) or a Jacobi point by point pro-
cedure. The iteration level 2 has to blend toge-
ther the changes effected for each variable se-
parately. The pressure/velocity linkage has also
to be dealt with this level. The pressure field

has to be such that the velocities resulting from

the momentum equations verify the continuity
equation.

The iteration level 3 repeatedly solve the
equations for all variables including pressure
correction updating the corrections between
them. In the slab by slab procedure, the off-slab
values are assumed known, whereas they are
not. As a consequence, the solution for the cur-
rent slab is not the final ene, and the solution
procedure has to sweep all the slab in the do-
main several level. A more detailed dicussion of
SIMPLE-like Algorithm was given by Patankar
(1980) ™.

l—— Solve slab i

.......

——{Solve slab j
—> 1
@D|solve for volume fraction|—>— I'—)'—‘l
T | il
i Fr DO Q@ te
te ®|Solve for scalars il ev
ev T A TDMA-2D is used t e re
re to solve the set of |e v al
al @|Solve for velocities equations for each |r e t
t. variables L i3
i2 il 1 o
o @ |Solve for pressure correction [<— T n
n l I
1 <
N
I
|

Fig. 4 Solution algorithm for two dimensional

discretized equations.
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IV. Result and Discussion

Air flow patterns for geometries of Fig. 6a~
Fig. 7b were visualized by Boon(1978), using li-
quid film bubbles in the flow, and were utilized
to examine the capability of the simulation mo-

del applied in predicting a realistic air flow.

1. Experimetal Procedure

The full-scale section of a livestock building
used for calculation geometry, Fig. 5 in this
work was described in detail in Boon(1978).
The section was 7.80 m wide representing a ty-
pical span which may accomodate two pig pens
and three passages. It was arranged with solid
walls, 1.05 m high, to form a feeding passage at
each side and with a central wall to form two
pens. The cross-section of the experimental hi-

vestock building is shown in Fig. 6 with the pre-

sence, and Fig. 7 with the absence of solid walls.
The depth of the section represented the length
of one pen and the height was 1.87m to the ea-
ves and 2.43m to the ridge. An insulated shell
connected to an air conditioner and enclosing
the side walls and roof allowed the temperature
outside the section to be controlled. Ventilating
air was exhausted from the shell by a 0.46m
propeller fan was mounted 0.45m above the cei-
ling in a vertial duct. Heat released from the
stock resulted from 26 large white pigs, 13 in
each pen, generating heat 170 W/n' for 10T, 130
W/m' for 17C. The air inlet was a 0.04m wide
slot, the full length of the building section, near
the top of each side wall 1.70m from the floor.
Approximately 0.52m'/s for inlet air temperature
of 17C and 0.16m'/s for 10C. The outlet was 0.52

m aperture in the center of the apex of the roof.

SYMMETRY

Fig. 5 Calculation

Coordinate system

Domain with Curvilinear
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2. Air Flow Patterns

1) The Effect of Obstruction

The inlet air jet enters horizontally in flow
configurations of Fig. 6 and Fig. 7 with the ente-
ring air temperature of 17C and its velocitv of
3.84m/s (Reynolds number of 1IE+4). The only
difference in the flow configurations is the pre-
sence of physical obstruction. Overall similari-
ties were perceived between the calculated and
the observed air flow in Fig. 6 and Fig. 7. No di-
stinct difference of air motion is observed in
Fig. 6a and in Fig. 7a either with or without in-
ternal obstacles. There is, however, a difference
in the size of a primary recirculation flow.
Boon's observation do not show the details of
air motion and the magnitude of air velocities,
but calculations in this work, reveal such details
Fig. 6b and Fig. 7b. The more detailed air mo-
tion in this work provides additional informa-
tion.

The calculated air flow of Fig. 6b with the
presence of an obstacle shows primary recircu-
lation in the center of the space ¢ it rotates
counterclockwise and is squeezed due to the

solid wall. A seconadry recirculation flow is ob-

served between the symmertric line and the in-
ternal solid wall, which separates the passage
and the pig pen. Initially a free air jet in Fig. 6b
deflects upwards and attaches to the ceiling due
to Coanda effect. The reattached flow becomes
a wall jet and continues to move along the cei-
ling. The solid wall creates a dominating adve-
rse pressure gradient, which leads to flow sepa-
rartion. A weak eddy is alsb observed in the lo-
wer right corner of Fig. 6h.

The physical obstructions in Fig. 6 modifies
air flow significantly. They detlect air fiow and
lead to flow separations by creating an adverse
pressure gradient, and dissipate the turbulent
kinetic energy of the air flow. In most cases, ph-
ysical obstructions disrupt the internal air flow.
However, they purposefully were utilized to re-
direct or to decelerate air flow. As shown in Fig.
6b, air velocities are relatively smaller, compa-
red to those of Fig. 7b. In paricular, the air velo-
cities approaches zero at the height of animals
while those in other regions have larger veloci-
ties. Except cold winter, it is desirable to have
higher air velocities to maintain proper indoor

thermal and chemical environments.

(a)

(b)

Fig. 6 a) the observed by Boon(1978)

h) the calculated flow patterns
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A short-circuiting phenomenum is observed
in the flow configuration of Fig. 6 and Fig. 7
Much of the entering air flow through the slot
inlet at eave is exhausted by the fan at the ri-
dge. A recirculating air forms a primary flow
with lower velocity, so with lower momentum,
rotates counterclockwise, and it again separates

at the top of the internal solid wall. Some of air

-
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.
.
*

{

1 r

I
b - _J

R =)

¢ REEER = 9%

1s entrained by the inlet air jet, and the rest fo-
rms the secondary eddy rotating clockwise in
the region between the internal sohid wall and
the inlet wall. Basically, air flow with less mo-
mentum has less ability in diluting contamina-
nts. Excessive harmful gases or dust may accu-

mlulate on the pigs or on the floor since the

overall velocity is much smaller

in the flow field.

Fig. 7 a) the observed by Boon(1978)

b) the calculated flow patterns

2) The Effect of Ambient Temperature
To see the effect of thermal buoyvancy force

on air flow, the entering air temperature of 10C

~

= ]

(a)

was applied to the flow geometry of Fig. 6 with

heat flux of 170 W/, released from real pigs at
floor.
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Fig. 8 a) the observed by Boon(1978)

b) the calculated flow patterns

— 153 —



7148 A A 18 ¥ Al 2 319939 6Y

The calculated air flow in Fig. 8b moves for-
wards, and falls down in the middle of the space
and rotates clockwise. This may indicate that
that buoyancy force overcomes inertia force.
However, the observed air flow in Fig. 8a falls
down immediately after entering, and rotates
counter-clockwise. According to experience,
perhaps discrepancy of the observed in Fig. 8a
and the calculated air flow in Fig. 8b originated
from the insensitivity of the k—e turbulence
model itself to buoyancy, or from improper ma-
nagement of experiment. Since the flow is tur-
bulent, the buoyancy may overcome inertia fo-

rce at some distance from the inlet.

The inlet corrected Archimedes Number

(Ar.) was used to identify the ventilating condi-
tions for this non-isothermal arrangement, de-
fined by Randall (1979)"".

CogAWHW+H) (T.—T)
Q*(546+ T+ T))

.= - (29)

The Ar. in Eq. (29) characterize the ratio of
the buoyancy and the inertia force which deter-
mines the air flow pattern. They concluded that
the jet remains horizontal if Ar.<30 and falls if
Ar.>75. For this study, the Ar. was about 64
which was in the range of unstable flow. The ca-
leulated air flow pattern of Fig. 8b was suppor-
ted by the work of Randall(1979), however, it
jeopardizes the observation by Boon(1978) in
Fig. 8a. Further study may be necessary 1o en-
sure the cause of such discrepancy. The unsta-
ble air flow shown in Fig. 8b, if it should be true,
may create a chilly draft to the animals. In case,
it is recommended to direct entering air jet do-
wnwards so that the cold jet gets warmer along

the inside wall.

2. Air Temperature Distribution

Fig. 9 and Fig. 10 show comparisons of the
measured air temperatures and the calculated
over the space for the flow configurations of Fig.
6 and Fig. 7 respectively, in order to validate the
simulation. The calculated air temperatures de-
viated less than 1T from the measured for the
tflow configuration of Fig. 6. The maximum tem-
perature difference between two was only 0.6C
at the center passage between the solid pen fro-
nts at centra) passage (Pts. 4, 5) and just above
the right end of stock near the east wall (Pt.
13). The calculated temperatures were in exce-
llent agreement with measurements. It is inte-
resting, however, to note that the points of ma-
ximum temperature difference located in the
lower velocity region (stagnant region). Since
air flow determines temperature distribution
over the space, relatively less accurate predic-
tion of air flow at that region may lead to the
maximum difference. Thermal accumlations are
observed at the upper-left region of the stock
{obstruction) and the right end of the stock in
Fig. 9 due to flow separation by phvsical obstac-

les.

The deviation of the calculated air tempera-
tures from the measured for the flow configura-
tion of Fig. 6 was about 1C. The maximum tem-
perature difference between two was 1.7C at Pt.
13. Thermal accumlations was observed at the
upper-right region of the stock (obstruction) in
Fig. 10 due to continuous heat flux from stock
and direction of primary recirculating air flow
rotates counter-clockwise. The calculated air
temperatures, in general, were in good agree-
ment with measurements. Considering the vali-
dity of the two calculated temperature fields

with measurements shown in Fig. 9 and Fig. 10,
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computer simulation can be used to obtain basic information for design of ventilation system.
[
[ ] [ ] L ] [ J
12.0 - 19.0 19.2 - 19.2 9.5 -19.3 - 19.2 - 19.2
11
A < H .
19.2 - 19.1 19.4 - 19.3 19.2 - 19.3 19.3 - 19.2
12
e | .
18.8 - 19.4 19.6 - 19.8
2 2
18.7 - 13.2 20.3 - 20.9

Fig. 9 Comparison of the measured by Boon (1978) and the calculated spatial tempe-

rature for flow configuration of Fig. 6

® L4 [ 18
19.0 - 20.1 19.2 - 20.1 19.5 - 20.1 19.2 - 19.9
3 7 9 "

e [ ] ® ®
19.2 - 20.2 19.4 - 20.2 19.5 - 20.3 19.5 - 20.2
4 12
L4 °
18.7 - 19.1 19.7 - 20.3
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® L ]
18.7 - 19.0 20.1 - 21.8

Fig. 10 Comparison of the measured by Boon (1978) and the calculated spatial tem-

perature for flow configuration of Fig. 7
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V. Conclusion Nomenclature

The TEACH-like program, which uses the k- X, ¥ - physical coordinates
¢ turbulence model, was applied to a ventilated £ n - Computational coordinates
air space having obstructions * 26 real pigs with u, v - velocities in x, y-direction
heat flux of 130 W/m' for inlet temperature of 17 U, V- inverse-transformation vector of u, v
T and Reynolds number of 1E+4, and 170W/nt p - modified static pressure(= (static pre-
for 10C and Re of 3E+3. Results were compa- ssure+2/3k)/p)
red to experimental data and the following con- k- turbulent kinetic gnergy

clusions were drawn. h - enthalpy

S I source term
1. It is possible to predict, with good accua- T, ° surface temperature of the simulated
rcy, overall flow patterns and temperature pigs [C]
distributions in a ventilated space, represe- T, : inlet air temperature [C]
nting a typical livestock building having ph- P. : turbulent Prandtle number
ysical obstructions, by solving discretized a : thermal diffusivity
conservation equations and using the stan- & energy dissipation
dard k-& model. v - turbulent viscosity
2. Physical obstruction in a ventilated space ¢ - varaibles in question

significantly modifies air flow and/or crea-

. ub- 1
tes stagnant regions where heat accumula- (sub-or superscripts)

tes shown in Fig. 5b. Since air velocities are o,  discretized equation at node of &
the order of 1E-2 at stock level, contamina- =i, n=j
nts produced by animals can not be properly du &y, & - partial derivatives with respect to
diluted by such ventilation system. Carefu- Xyt
lly examination of air velocities and tempe- s Oy - partial derivatives of & 7
ratures should be carried out at stock level. ' " components of tangential direc-
. . . tion
3. The horizontally directed unstable air flow,
. . . Y 0 : component X, irecti
detertmental to animals in cold weather, can . ¢ ponents of x, y direction
. P . . o] : turbulent Prandtl -
be avioded by directing entering air jet to randtl number
1 o laminar
downwards.
t > turbulent

4. It is recommended to simulate air flow and
temperature distributions in a ventilated
space for design purpose to evaluate the ef-
ficiency of the ventilation system to be ins-
talled.
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