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Abstract; Effects of operating conditions and device’ s geometrical sizes on geometrical properties of wall-attaching tran—

sonic jet between two parallel plat plates are numerically simulated. Conclusions are as follows: 1) Upriver part of the

wall-attaching jet” s center streamline is in good accordance with parabola; 2) When both gas inlet pressure and outlet

pressure as well as their ratio are not too high ( the outlet pressure is less than 10 MPa and the pressure ratio is less

than 3), the center streamlines of the wall-attaching jet with the same pressure ratio coincide with each other very well ,

and the deflection degree of the center streamline decreases with rise of the pressure ratio; 3) The deflection degree of

the jet’ s center streamline decreases with either broadening of nozzle’ s throat or rise of wall offset; 4) With rise of the

pressure ratio, attachment distance of the jet increases, but the increase rate descends; 5) The attachment distance as—

cends with rise of either the nozzle’ s throat or the wall offset.
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1 Introduction

As shown in Fig. 1 (a), when jet flows between
two parallel plat plates, it will deflect and attach to one
wall firmly. This phenomenon of jet was firstly discov—
ered by Coanda, a French engineer, and called Coan—
da effect .

erties, such as high heat transfer rate and high

Wall-attaching jet has some special prop—
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Fig.1 Schematic diagram of wall-attaching jet

turbulence intensity, which have been utilized in

practice. Based on wall-attaching jet, static gas wave
. [2] .

refrigerator ( SGWR ) ", a new type refrigerator of

compressed gas, was developed, in which oscillation of
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the jet was result of the wall-attaching jet’ s periodic
switch from one wall to the other caused by pressure or
momentum signal imported through hole in the wall.
During engineering design, the wall-attaching jet’ s ge—
ometrical properties including deflection degree, at—
tachment distance and shape of the jet’ s center stream—
line, are usually needed to be calculated, which are
affected by operating pressure (p; and p,), width of
nozzle (w ), wall offset (s) and wall length (L) dis—
played in Fig. 1(b).

The wall-attaching jet has been studied mainly by
experiments aimed at subsonic gas{3 7' There are sev—
eral configuration analysis models based on a number of
hypotheses[ﬁ]. Flow field of transonic wall-attaching jet
is more complicated than that of the subsonic jet and it
is hard to test its flow parameters. In this paper, flux
vector splitting algorithm on the basis of van Leer’ s
scheme'’’ is introduced to compute flow field of the
wall-attaching jet between two parallel plat plates.
Effects of the operating pressure and device’ s geomet—
rical sizes on geometrical properties are studied. Air

serves as working medium.
2 Mathematical Model and Numerical
Methods

2.1 Mathematical Model
Ratio of flow channel’ s depth to width is great

and effects of turbulence and viscosity can’t be neglec—



ted. Therefore, two-dimensional Navier-Stokes equa—
tions ( farve averaged) [8] are adopted to model flow
in this paper. The equations are expressed in integral

notation as follows:
d (V. F)dA, = [( V. )
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Where W represents variable vector, and F; and F,

represent convection flux and diffusion flux respective—
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F¢(,) and F,,, can be written in similar fashion.

In above expressions
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The k — & model is chosen to simulate turbulence.
Following formulas are used to calculate the turbulent

viscosity and the turbulent thermal conductivity;
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The k — & equations are as follows
al pk) 9
O oukl =p —
a +8x,[ puk) pe
i{ P | Ok
+6x, {p,+0k x; (8)
al psj Pe ps2
Ta o P =G G
[, w]ee
0x; p“-’-(rg Ox; 9)
where
N L R T
P 0x; * 0x; * 3 navia ') dx;
VeV (10)

C., o,, a., C.., C, are all experiential constants,

whose valves are listed in Table 1.

Table 1 Experiential constants

C oy o C

[ & el

CsZ

0.09 1 1.3 1.44 1.92

In the near-wall region, walldunctions as follows are
used to compute k and &

3 3

Cik?

k= L,s ="

e, w

There are three types of boundaries: high pressure

(11)

gas inlet port, jet outlet port and static wall. All walls
are supposed to be adiabatic
2.2 Numerical Methods

Composite structured grid is adopted to discretize
computational space. Finite volume method " is intro—
After dis-
cretized, equation (1) is transformed into equation

(12)

duced to discretize control equations.
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aW an aW , respectively, represent convection ux

Jacobian and diffusion flux Jacobian. van Leer’

(9] . . . .
scheme  is used to discretize convection flux. Central
differencing scheme is used to discretize diffusion flux.

On the gas inlet port boundary ( + ), the total

pressure and temperature are held constant .

k
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and the remaining flow parameters are calculated based

k
k-1
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on the interior conditions and isoentropy conditions.
On the jet outlet port, the inflow-outflow condition is

[10]
used

. All the walls are supposed to be adiabatic
and the boundary conditions are ;

u =0,0" =0T =Ty,p" =p, (14)

3 Results and Discussion

In actual physical process, the jet’ s attachment is
caused mainly by asymmetry of the device. The sym-
metrical devices are adopted in the current numerical
simulation and it is the asymmetry of the computing
process which induces the jet’ s deflection and attac—
hing to wall.

Simulated flow field is shown in Fig. 2, from

which entrainment phenomena of the jet can be seen
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clearly. An eddy zone with low pressure is produced
between the jet and the attached wall, and is isolated
to the low pressure gas outlet port by the jet. The other
side of the jet is opened to the gas outlet port, and
there exists small pressure difference between them.
The jet is forced to attach to the wall firmly as a result

of pressure difference between two sides of the jet.

i

Fig.2 Streamlines between two plat plates
(pi=0.2 MPa, p, =0.1 MPa,
w=2mm, s =3 mm, L =25 mm)

Fig. 3 shows computed geometrical configuration
of the wall-attaching jet, from which it can be seen that
after ejected from the nozzle, the jet gradually deflects
and steadily attaches to one wall at last. Center stream—
line is the streamline which originates from center of
the nozzle. A denotes attachment distance. Parabola is
introduced to fit simulated upriver part of the center
streamline, and the result is illustrated in Fig. 4 from
which we can see that the corresponding part of the jet

accords with parabola very well.
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Fig.3 Geometrical configuration of wall-attaching
jet(pi =0.2 MPa, p, =0.1 MPa,
w=2mm, s =3 mm, L =25 mm)
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Fig.4 Center streamline of the wall-attaching jet

1) Center streamlines of wall-attaching jet with
different operating pressure and geometrical sizes
Fig. 5 exhibits streamlines with different operating

pressure. The figure reveals that the streamlines nearly
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overlap with each other with the same ratio of the inlet
pressure to the outlet pressure (w =p,/p,), and that
deflection degree of the jet decreases with rise of w.
The deflection degree of the wall-attaching jet is deter—
mined by both the pressure difference between two
sides of the jet and the jet’ s momentum flux. It increa—
ses with rise of the pressure difference but decreases
with that of momentum flux. When the gas outlet pres—

sure is fixed, both the pressure
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Fig.5 Center streamline of the wall-attaching

jet with different operating pressure

(w=2 mm,s =3 mm,L =25 mm)
difference and the momentum of the jet increase with
rise of the ratio. Under that condition, the deflection
degree of the jet is mainly influenced by the jet’ s mo—
mentum flux and ascends with rise of it. If either the
pressure ratio or the operating pressure value is too
high (the ratio exceeds 3, the outlet pressure exceeds
10 MPa ), the results shown in Fig. 5 can’t be ob-
tained.

Fig. 6 displays center streamlines with different
width of the nozzle’ s throat, from which it can found
out that the jet’ s deflection degree descends with rise
of the width. With constant inlet pressure and outlet
pressure, the jet’ s momentum flux is in direct propor—
tion to the width of nozzle’ s throat, but the pressure
difference between two sides of the wall-attaching jet
ascends only a little with rise of the width. Hence, the

deflection degree decreases.
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Fig.6 Center streamlines of the wall-attaching
jet with different width of nozzle’ s throat
(w=2,s=3mm, L=25 mm)



As Fig. 7 illustrates, the jet’ s deflection degree
ascends appreciably with decrease of the wall offset,
which is due to decrease of the pressure difference be—

tween two sides of the jet.
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Fig.7 Center streamline of the wall-attaching
jet with different wall-offset
(w=2, w=2mm, L=25mm)

Fig. 8 shows center streamlines of wall-attaching
jet with different wall length. It can be found out that
the wall length has little effect on the jet’ s deflection
degree. When both gas inlet pressure and outlet pres—
sure are fixed, the pressures on both sides of the wall-
attaching jet decrease with rise of the wall length, but
their difference hardly varies. Under the condition of
constant operating pressure, the jet ’s momentum flux
doesn’ t change. Therefore, the deflection degree of jet

doesn’ t change too.
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Fig.8 Center streamline of the wall-attaching
jet with different length of the walls
(0=2,w=2mm, s =3 mm)

2) Attachment distance with different operating
pressures and geometrical sizes

Along with the jet flowing downstream, the gas
expands and the jet’ s width increases. When the wall
offset is great, effect of the jet’ s width increase on the
attachment distance can be neglected. However, with
small wall offset, effect of the wall offset can’t be neg—
lected and the attachment distance of the wall-attaching
jet is determined by both the jet’ s deflection degree
and width increase of the jet.

Fig. 9 exhibits simulated attachment distance with

different operating pressure, from which we can find

out that although center streamlines accord with each
other with the same w, the attachment distances (A)
are not equal to each other. The reason is that attach—
ment distance is affected not only by the jet’ s deflec—
tion degree but also by the jet’s width whose variation
with the jet developing downsiream is influenced by ei—
ther the pressure ratio or the pressure value. In Fig.9,
when the ratio is equal to 2, the attachment distances
approach to each other. Fig. 10 displays how the pres—
sure ratio influences the attachment distance, from
witch we can see that when the ratio is less than 2, the
attachment distance increases notably with ® since it is
determined mainly by the jet’ s deflection degree.
However with rise of the pressure ratio, the increase
rate of the attachment distance descends. The attach—
ment distance with the ratio equal to 2.2 is very close
to that with the ratio equaling to 2.5. Under this con-
dition the attachment distance is determined mainly by
the jet’ s expansion. From Fig.9, it can be seen that
with different pressure ratio, the trends of the attach—
ment distance’ s variations with the gas outlet pressure
are different. The reason is that with different pressure
ratio the trends of the attachment streamlines’ variation

are different.
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Fig.9 Attachment distance with different operating
pressure(w =2 mm, s =3 mm, L =25 mm)
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Fig. 10 Effect of the ratio of gas inlet pressure to
outlet pressure on attachment distance
(p,=0.1 MPa, w=2 mm, s =3 mm, L =25 mm)

Fig. 11 and 12 respectively show impacts of the
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width of the nozzle’ s throat and the wall offset, from
which it can be seen that the attachment distance in-—
creases with rise of either the nozzle throat’ s width or
the wall offset. The reason is similar to that why the

deflection degree ascends with rise of them.
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Fig. 11 Effect of width of nozzle’s throat on
attachment distance(p; =0.2 MPa, p, =0.1 MPa,
s =3 mm, L =25 mm)
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Fig. 12 Effect of the wall offset on attachment
distance (p; =0.2 MPa, p, =0.1 MPa,

w=2mm, L=25 mm)

4 Conclusions

The wall-attaching jet between two plat plates is
numerically investigated in the current paper. Emphasis
is placed on discussing effects of the operating condi-

tions and the device’s geometrical sizes on the jet’s

Author

geometrical properties. Conclusions are drawn as fol-
lows; 1) The upriver part of the center streamline of
the wall-attaching jet is in good accordance with parab—
ola; 2) When both the gas inlet pressure and the outlet
pressure as well as their ratio are not too high ( the
outlet pressure is less than 10 MPa and the pressure ra—
tio is less than 3), the center streamlines of the jet
with the same pressure ratio coincide with each other
very well, and the deflection degree of the center stre—
amline decreases with rise of the pressure ratio; 3)
The deflection degree of the jet’ s center streamline de—
creases with either broadening of the nozzle’ s throat or
rise of the wall offset; 4) The attachment distance of
the wall-attaching jet increases with rise of the pressure
ratio but the rate of the increase descends; 5) The at—
tachment distance ascends with rise of either the noz—

zle’ s throat or the wall offset.
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