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ABSTRACT

SIMULAR AIR I8 a computer code for calculating the
three dimensional transient indour sir flow using a k.c
- turbulence model. It solves the nonlinear partial
differential equations for momentum. energy, continuity,
turbulence and alr purity by an implieit time marching
technique. The equations nre modeled by a finite volume
procedure. The model handles a varisty of flow,

licated three di lonad geometries within hours of
compuLing time on s standard PC with common hardwurs
configuration.

The computer program SIMULAR AIR has bsen
ported on a PC with four MB Internai memory and a
standard VGA graphics diepiay. It's usage only requiras
the selection of menues and the filling out of forms in
order to define the geometry of the room under

temperature and host flux boundary conditions includ
prescribed Inflows and cutflows. All boundary conditions
can be defined me dapend The code is
able to handle obstacles In the flow region to simulate
furniture. The resuits are presented graphicsily on the
screen or as numerical output on a printer or a file.

SIMULAR AIR ls avallable for workstations but can
also be run on a standard PC with an 80388 processor
and either an Intel 80387 or a Weitek coprocessor under
an extended DOS operating system. All modules of the
program (preprocessing, calculation and graphical
output) are menue driven and provide online help.

The program has been used to calculate air
movement, dlistribution of temperature and fraction of
fresh air In a three dimensional model room with
alternating sir supply and exhaust. Results of two
calculations on a PC with respectively alternating and
static air supply show only minor differences. They
agree well with experimental investigations of the same
room In both cases. The only influence of the

iderstion. After the csiculation is finished, the
resuits can either be viewed in a three dimensional
displsy of the geometry or a plane in one of the space
directions may be selected for a two dimensional
display.

As o sample application this report presents some
tional results jculated with SIMULAR AIR.
Thelr parison with ex Its on the same
sample room configuration shows the good quality of the
simulation. The task of the caiculation was to show If
alternsting sir suppiy/exhsust could reduce the net
energy consumption for the alr conditioning of o
realistic ple room. Calculati and experiments have
thus been performed on the same room geometry with
each, alternating and static air supply/exhsust.

SIMULATION METHOD

In order to predict the velocity and the
temperature field the conservation equation for mass,

alternating ventilation shows up to be a faster reachl
the final distribution.

INTRODUCTION

In order to minimize the energy consumption of air
conditioned bulldings or to optimize the comfort inside
rooms normally expensive experiments are necessary.
Since the costs of computing power have developed s
rapld decrease during the last decade, numerical
simulations of air flow within rooms are a tool of
accordingly increasing lnterest. They may support the
designer in optimizing the layout and thereby reducing
the costs of experiments, Experiments are still
necessary to valldete numerical results and will remain.
But with valldated algortithms predictions on air flow in
rooms of standard layout can be achieved within days
or hours, that closely resemble the reliabllity of
experimental resuits.

Although the mathematical models for a realistic
simulation of alr flow in complickied three=dimensional
geometries or with extreme boundary conditions still
require Lhe computational power of large mainframe
systems, the same algorithms produce sufficiently
realistic results for two dimensional cases or not ton
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and energy have to be solved. Considering
the infl of turbul it 1s 'y to inciud
additional equations to describe the turbulent behavior
of the airflow. SIMULAR AIR employs the k,e~turbulence
model proposed by (Harlow et. al. 1968) and (Launder
et. al. 1972). This set of model equations was originally
designed for high-Reynold ber flow.

In the present computer code the equations are
used In conjunction with wall functions., that should
describe the flow near the wall. For the dependent
variables semi-empirical reistionships are used, based
upon the functions of the dimensionless distance normal
to the wall:

m

‘The parameter y' has been used by (Schilchting
1968) and others to correiate experimentai-determined
flow properties near the wall. The near wall region la’
devided into a viscous (y < 11.63) and an Inertial (y
> 11.83) sublayer.

In the present version of SIMULAR AIR the kinetlic
energy X and the dissipation e are furthermore
determined from:
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The effectlve viscosity Ug I8 the sum of the turbulent
and the laminar viseosity, l.a.:

Mg = Wb g

with the turbulent viscosity

(8)
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The constants are given by:
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The SIMULAR AIR computer code uses a flnlte-
volume procedure to solva the transient three-dimen~-
sional conservation equatlons of mass. momentum,
turbulence wnergy, dlssipation rate and alr purity. For
the temporal differsntiation of all variables & fully
Implicit scheme ls used. The solution procedurs s a
rovised version of the SIMPLE algorithm with under-
relaxation and overall pressure correction (Caretto et
al. 1872, Chorin 1968).

The present release of SIMULAR AIR works with
tamp e depend d ¥, vi ity and specific
heat capacity. The wall heat flux |3 calculated as a
function of the dimensionsiess wall coordinate as
proposed by (Reynolds 1974)
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for y' < 11.63.
The constants are given by a, = 0.7 and o = 0.9.
The turbulent velocity is defthed as
vpe (%) (12)




USAGE OF SIMULAR AIR

SIMULAR AIR uses a rectangular coordinate system
for the definition of the flnite volume cell mesh. All
the coordinates of cell boundaries in each direction are
deflned by the user. Thus it Ils possible to define a
more clovely spaced grid in the most Interesting regions.
or In those, where steep gradients of the dependent
variables are expacted Lo develop. More complleated
room geometries and obstacles In the flow domain can
be defined by first enclosing the room in the smaliest
possible rectanguiar volume and then deleting cells or
groups of cells at any locntion. .

All  the boundaries of obstacies or those
surrounding the flow domain may be defined to be of
one uof three types: solid wall, symmetry plane or
inlet/outlet. According to the type, boundary conditions
can be set up In different ways: for a solid wall the
temperature, heat flux and/or heat transfer coefflcient
may be glven; for an Ilnlet/outlet boundary the velocity
profile, mass flow rats, temperature and pressure may
be defined for as many different timea as appropriate.
These values at certaln tlmes are used for a llnear
Interpolation at the simulation time steps.

Por the Input of data defining the geometry and
boundary conditions SIMULAR AIR uses a menue and
form driven user interface. If some Input affects input
at other tocations In the input data sets for conslstency
reasons, the latter In updated accordingly. This makes
SIMULAR AIR easy to use for non-experts as well.

machine CPU-tIme total time factor
sec sec

CONVEX 220 88 92 1

VAX 3200 806 7 7.7

PC Compaq 388 344 2.7

(28 MHz,Weltek)

PC 086 (20MHz)

with SCB 860 124 1.3

PC [BM PS2/80

{Intel 80387) 757 8.2

HP Vectra RS 20

(Intel 80387) 680 7.4

Startdent 3000 (i CPU) 52 0.86

Table \: Comparison of computing times of SIMULAR AIR
on various hardware configurations.

The benchmark simulatlon used: 600 cells, 10 s simu-
lated time. 110 Iterations | Inlet, 1 outlet, free
convection, different wall temperatures. The executable
code had bssn compiled with maximum optimization on
Convex, VAX and PC, without optimization on the SCB
860,
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SIMULAR  AIR requires an A0386 - [BM AT or
compatible personal compuler with at least 4 MB of
memory und an 80387 - or Weltek - floating paoint
processor. A hard disk of at least 40 MB s
recommended. With 4 MB of memory SIMULAR AIR can be
used for grids of about 6000 ceils. Table | shows some
benchmark results, which show, that a standard 3868-PC
with a Welitek coprocessor achieves comparably good
results. An uccelerating vector coprocessor board such
as the SCB 860 can even make SIMULAR AIR on the PC
nearly as fast as a CONVEX 220.

SIMULAR AIR Is made up of several components,
the most important of which is the maln module, that
performs the simulation calcuiation. Before the main
module can be started, a preprocessing has to be
performed. {.o. the Information about the room geometry
has to be cast into a form that enables the maln
module to adress any cell and uall [t's neighbors
efficiently. Besides sevaral modules for the conversion
of datasets the third major module Is the graphical
output. [n order to enable inspection of the results of
a completed calculation on a PC with the standard DOS~-
memory of 640 KB only one time step of the simulated
period can be viewed at a time. In the graphlical output
any of the dlstributions of the dependent variables can
be viewed In any plane section by selecting the plane
with a pointing device {mouse) or with cursor keys.

SAMPLE APPLICATION

The room under consideration In the sample
calculation was an office room of 10.7 m length, 4.48 m
width and 3.4 m height (pleture 1). Eight inlet/outlet~
devices were equidistantly distributed over the celling,
Between them there wore six neon light lamps appearing
as heat sources during the simulation. Two tables and
four persons were arbitrarily distributed in the room.
The Inlet/outlet devices were conflgured as the one or
the other in a chess-board like distributlon, making up
four inlets and four outlets each. In two simulation
calculations the mass (low through the lnlet/outlet
devices was Invertad every 30 s or 80 s respectively,
thus interchanging the Inlet/outlet configuration
periodically. Another caliculation was done on the same
configuration but with steady mass flow (i.e. a fixed
distribution of Inlets/outlets).

The expectation had been, that the same mixing
rate and temperaturs distributions could be achieved
with a smaller mass flow through the inlet, If an
alternating air-supply was employed, thus reducing the
energy P In the ple room g Ty the
simulation did not show the expected behaviour.
Generally the final temperature and mixing rate
diatribution wers achleved In a shorter time with the
alternating supply, but after a simulated seven minutes
the dlistributions did not any more exhibit large
differences from those obtained with static supply. If on
the other hand the mass flow through the |nlet was
reduced, an overall Increase of the mean temparature
resulted.

As an example the tomperature distribution after
five minutes simulated time is displayed for the case of
alternating alr-supply (plcture 2), A nearly |dentical
picture results for the static alr-supply. the only
difference being a somewhal smoother distribution.

The simulation calculaiion on the sample room took
a net computing time of about 12 hours on a grid of
4000 cells. Even so, the results show a quite rellable
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agreement with the experimental data, being achleved
with much less effurt.

Measurements have been performed using the same
room geometry. They generally reveal the same results
as the slmulation calculations, the main effect of the
alternating alr-supply being here as well, that the
resulting temperature and mixing rate distributions were
arrived at faster and that the energy consumption was
not considerably reduced.

J—II

Pleturg ): Three dlmensional geometry of the sample
appiication room with elght (nlets/outlets, two tables
and four persons.

NOMENCLATURE
Cp Gy Gy G turbul
G G G ol

kinetic energy of turbulence

time

temperature

velocity In direction 1 "

friction velocity w,a(z /p)

tensor notation for space coordinates

coordinate normal to the wall

dimensionsless coordinate

gas expansion coefficlent

turbulence dissipation rate
viscosity

turbulent viscosity

density

diffusion Prandtl numbers

model
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a_2; Temperature diastribution after flve minutes
simulated time. The values are In degree centigrade.
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