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The phenomena of air flow past the parallel inclined fiat plates in a square
duct is studied through the numerical solution by using computational fluid dynamics
{ CFD ) technique. A computer program calied PHOENICS , is adopted to solve for
three-dimensional steady turbulent flow under the finite volume method. The governing
equations are incompressible ensemble-averaged Navier-Stokes equations. The
Reynolds stresses are modeled by the k - € turbulence model with Boussinesq's eddy

viscosity assumption.

To verify the numerical accuracy and validity of the turbulence model , the
results are first compared with experimental velocity data. Comparisons between
measured and calculated results are in general satisfactory , although some
discrepancies are found. Finally , the effects of the number of fiat plates , the
inclination of flat plates and high Reynolds number in the duct flow , to the distance for
fully developed flow , as well as total pressure drop , are investigated.

The predictions show that the development length extends when the number
of flat plates decreases , however , such length is shortened when the inclination of flat
plates becomes smaller. In case of Reynolds number within the range of study , the -
numerical results predict that the air fiow at higher Reynolds number requires the .

development length to be. longer than the lower Reynolds: number  condition.. .-
Furthermore ; it is found that the single blade damper causes total pressure droptobe -

significantly higher than the multi-blade damper. -
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mixing length

lift force

developmént length

finite coefficients on lower- , main- , upper-

diagonai

local static pressure

free-stream static pressure
fluctuating component of pressure
pressure correction

guessed pressure

mean value of pressure

mean value of pressure fluctuation

resistance coefficient

Reynolds number in duct flow (= pVD, /)



xxiii

LIST OF SYMBOLS { continued )

S source term

S. constant part of average vaiue of S

Se coefficient of ¢,

T time interval

t time

U mean velocity upstream of body

U, mean velocity at vena contracta

U, velocity at separation

U,v,w velocity components in X , y , Z directions

u, v, ow' fluctuating components of velocity inx,y, z
directioné

u o, v, w velocity correction.components inx,y, z
directions

ut, v, w' guessed velocity components inx ,y, z direct-ions

u,v,w mean velocity components inx,y, z directions

y; mean velocity component in x; direction

U, a'bsolute value of resuitant velocity parallel to a
wall at first grid node in x; direction

TR | mean vaue of fluctuating velocity components in

X,Y,zdirections

\Y% fluid mean velocity



Xxiv

LIST OF SYMBOLS ( continued )

v ‘ vector velocity field in cartesian space

mean longitudinal velocity at same position of

<
<

adjacent cross-section

Vo undisturbed air velocity relative to platé

V, downétream velocity of individual vortices

v vector mean velocity field in cartesian space
X,y,2Z rectangular coordinates

X; coordinate direction

Yo normalized-coordinate near a wal

GREEK SYMBOLS

o angie of attack

B ' momentum coefficient

r diffusion coefficient of ¢

A designates a difference when used as a prefix
ox , 8y , 6z spaces of adjacent grid.points in X, v, z directions
£ dissipation of turbulent kinetic energy

K _ - Von Karmann constant

I second viscosity coefficient

M ‘ molecular viscosity coefficient

My turbulent viscosity coefficient




LIST OF SYMBOLS ( continued )

Mot effective viscosity coefficient
p fluid density
G, , O, effective turbulent Prandt! numbers for transport of

K and ¢

normal stresses on y-z , X-z , X-y planes

shear stresses on x-z , y-z , x-y planes

Toy 1 Tz » Tz
T turbulent normal stress

T turbufent shear stress

T shear stress at a wall in x; direction

] general dependent variable

SUBSCRIPTS

in inlet value

nw near wall value

nb neighbor grid points or control-volume faces

P, E,W N, S L,H grid points of a control volume and neighbors

e,w,n,s,l.,h control-volume faces _

SUPERSCRIPTS

0 | old value at beginning of time step
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