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Modelling the effects of Obstructions in Slot-Ventilated Enclosures
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. velocities. These researchers, and numerous
I. Introduction

others, have shown significant success in

Air quality in confinement animal housing developing models able to predict air flow
is important to production and health. Obsta- patterns, especially in spaces having no ob-
cles play in important role in determining air structions.
flow directions and velocities, and air mixing. Choi, et al.(a) provided details of modify-
Since a typical agricultural building will have ing the k-€ based TEACH-T computer model
obstacles of significant sizes, their effects (Gosman and Ideriah(s)) in application to
on ajr velocity fields must be determined to the prediction of air mixing within a rectan-
predict the ventilation dilution effect via gular, slot-ventilated enclosure. The govern-
mixing. ing equations were developed and predict-

Numerous studies have described modeling ed air velocities are compared to data avail-
air flow within a ventilated space having no able in research literature. Reasonably good
obstructions. Examples are: Nielson, et al.(l), agreement was found, which is encourage-
Murakami, et al.® and Choi, et al.® each ment to apply the technique to the problem
of whom applied the k-Epsilon (k-€) method of determining the effects of obstructions
of attaining closure in the solution of the within a ventilated air space. For this study,
turbulence transport equations. As a con- a rectangular air space was chosen to approxi-
trast, Timmons, et al.®® modeled distribu- mate the shape of many agricultural build-
tion of vorticity within a ventilated space ings, and rectangular obstructions were as-
as a method to predict air flow directions and sumed for computational ease in solving the

This paper was presented in the Ist International Symposium on “Building Systems: room air and air con-
taminant distribution” at the University of Illinois through 5-8 December, 1988.
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governing differential equations.

II. Mathematical Model

Standard equations for flow continuity
and momentum transport were used. See
Choi et al.®® for a more complete develop-
ment. Turbulent

(Rodi(®)

stress was modeled as

—<uv>=p[Uy+Vx]........ (1)

and turbulent viscosity was determined by

local values of k and e,

The turbulent parameters, k and €, were
derived from their respective transport equa-
tions (Rodi(ﬁ)).

were imposed of no slip and no flux normal

At boundaries, conditions

to the boundaries. A uniform velocity profile
was imposed at the inlet in the direction of
entry (U component), with zero velocity in
the V direction. Similar conditions were
imposed at the outlet. Standard values of
coefficients were used in the euqations,
cu=0.12 or O. 15 (depending on flow geome-
try); Cp=1; ce] = 1.44; ce2 = 1.92; & = 1;
and &, = 1.3.

Near wall surfaces, the wall function me-
thod (Launder and Spalding(7)) was imposed.
The numerical values, kK = 0.4, and E = 5.1,
as recommended by Monin and Yaglom(s),
were used.

In general, equations for U-momentum,
V-momentum, turbulent kinetic energy of the
fluctuating motion, and the kinematic rate
of turbulent energy dissipation obey a gene-
ralized conservation principle. If the depen-

dent variable of interest is denoted by ¢,
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the generalized differential equation in vector

form is

div (pU¢) = div (Fpgradg) + Sg - - -(3)

balanced with
Although the

source term may be nonlinear, it may be

The convective term is

diffusive and source terms.

linearized so the set of discretized equations
can be solved by methods for linear algebraic
equations. When the source term, Sy, de-
pends on ¢, the dependence may be linearized
by (Patankax(g), where S¢ and Sp depend

themselves on ¢):

Any desired value of ¢ may be prescribed
to be the solution at an internal node point
by setting Sc and Sp for that point as, for
103°¢p, desired, and Sp =

-10%%, numbers sufficiently large to make

example, S, =

the other terms in the discretized form of
the equation negligible. This procedure was
used to represent internal obstacles in the
calculation domain by, in effect, inserting
“internal” boundary conditions.

The governing mean flow equations and
turbulent equations with appropriate bound-
ary conditions were formulated by a stag-
numerical scheme,
solved by the
Details of the method

gered grid and hybrid
Difference equations were
SIMPLE procedure.
may be found in Patankar(®). The TEACH-T
program is based on this solution procedure
(Gosman and Ideriah(s)) and was modified
to apply to steady, two-dimensional, tur-
bulent recirculating air flow in a rectangular
enclosure having a slotted ventilation inlet

on one wall, and a slot outlet on the other.
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III Comparison to Experimental Data

Data provided by Timmons\'? was used
to explore the ability of the model and solu-
tion procedure to predict realistic air flows.
The airspace had an aspect ratio (length to
width) of 2, with inlet and outlet placed
on the end walls. Inlet width to wall height
was 0.1, and the inlet width was twice that
of the outlet. The obstacle was on one long
side (“floor”), centered in the space. Obs-
tacle height was 30% that of the space height,
and its width was 20% that of the space
length. The geometry of the air space, except
for the obstacle, was identical to one describ-
ed by Choi et al.®®) in an initial application
of the TEACH-T model to recirculating air
flows in slot-ventilated enclosures. In Figure
1 is shown, (vector form) air velocities for
two inlet arrangements, and the resulting pres-
sure fields. In each case the outlet is located
at the midpoint of the outlet wall. In Figure

la, the inlet is also midway on the left wall,

Figure 1.
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—125-

U 5 % 31320 W ol FrlREel vl ok

while in 1b the inlet is centered at the three-
quarters point. Jet attachment, recirculation
areas, and expected relative velocities all
agree with experience and data provided by
Timmons(1?.

This leads credence to using the TEACH-T
program to model air flows in spaces having
obstacles.

When the inlet is at the center of the left
wall (Figure la) the jet deflects downward
and attaches to the top of the obstacle. When
the inlet is nearer the ‘“‘ceiling”, attachment is
to the ceiling and the recirculation zone to
the left of the obstacle shows little air move-

Both air flow patterns show good
(10)

ment.
agreement with the data of Timmons
Calculated pressure fields clearly show the
effects of the obstruction, and the strong
Coanda effect in the upper left corner of
Figure Ib. Space limits in this report preclude
a thorough development of this comparison,
and others, and explanations of results. Such

will be published in the future.
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Air velocity vectors and the resulting pressure fields for two different inlet locations. On the left, the inlet
is at the midpoint of the wall; on the right the inlet is at 0.75 of the wall height.
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Predicted and measured normalized velocities for the geometry of Figure la. The dimension x is in the
horizontal direction, measured from the left, and L is the total length of the space. Velocities are nor-
malized to the inlet velocity.

Figure 2.
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Timmons{1® recorded air velocity data
using the configurations of Figures 1a and 1b,
A

sample of predicted and measured velocities

at an inlet Reynolds number of 6400.

in the long dimension (measured from the
inlet end) are shown in Figure 2, for the geo-
metry of Figure la. Comparable differences
and similarities were seen in comparisons for

the geometry of Figure 1b.
IV. Conclusion

The TEACH-T program was modified and
applied to a slot-ventilated air space having
an internal obstruction. Qualitative and quan-
titative results were compared to available
experimental data, and it was concluded
that it is possible to predict overall flow pat-
terns, velocity fields, and other flow features
in an air space having an obstruction to air
flow which represents typical ventilated ani-

mal housing structures.

Symbols

Cus Cels Ce9» Cp empirical constants
E: constant for logarithmic velocity profile

k : turbulent kinetic energy of motion, (m/s)?
p : primitive pressure, Pa

S: source term

u: fluctuating U velocity component, m/s
U: steady horizontal velocity component, m/s
: fluctuating V velocity component, m/s

: steady vertical velocity component, m/s

: turbulent diffusion coefficient

o m < <

: kinematic rate of dissipation of turbulent
energy, m?/ s

K : constant for logarithmic velocity profile

vt : turbulent viscosity, m?/s

¢ :empirical constant
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