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the number of iterations, a significant reduction in computational
work.

V. Conclusions

With this work we have presented several new ways to accelerate
the convergence of an inverse design technique for constructing
transonic turbomachinery cascades.

By describingablade geometry as a mean camberline with a spec-
ified thickness distribution, we have shown how this camberline can
beobtainedfroma Lagrangiananalysisthatoverlaysthe bladeontoa
material line that convects from inflow to outflow. Numerical results
were presented to illustrate the enhanced convergence acceleration
and flow resolution that can be produced by this new approach.

We also showedhow a passage-averagedflow turning distribution
can be used to derive an unsteady pressure boundary condition to
further accelerate our calculationsto a steady state.
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Introduction

ET mixing finds application in a variety of flow systems such
as combustion chambers, high-pressure valves, propulsive sys-
tems, etc. Jet mixing problems assume higher dimensions at high
speeds due to compressibility effects and the presence of shocks.
Passive control mechanisms have been attractive in effectively deal-
ing with these problems. In this regard, noncircular jets are promis-
ing dueto their efficacy in mixing and noise suppression. Among the
noncircular jets, polygonal jets combine the advantage of stream-
wise vortices generated at the sharp corners and the large-scale
structures rolling up from the flat surfaces. Such a combination
is attractive because high-performance combustors and propulsive
systems require both large-scale and fine-scale mixing. Many in-
vestigators have studied triangular jets' ™ and rectangular jets*~!°
from different points of view. However, polygonal jets with more
than four sharp corners have not been studied exhaustively. There
are, however, studies on certain complex polygonal shapes such as
cruciform configurations available in the literature.':!2
In this Note, flow characteristicsof jets from polygonalslots have
been investigated. Four regular polygonal slots (triangular, square,
pentagonal,and hexagonal) are considered. The equivalentdiameter
D, (diameter of a circle having the same area) of the slots is 10 mm.
Jetissuing from slots made on thin plates are used, rather than con-
tourednozzles,to ensureazimuthaluniformityin the boundary-layer
growth to enable a proper comparison of different geometries.!* Fur-
thermore,in some practicalapplications,expeditiousmanufacturing
and ease of installation may dictate the use of sharp-edged slots in
preference to nozzles with contoured upstream shaping %14

Details of Experiments

The experimentswere carried out at the high-speedjet test facility,
shown schematicallyin Fig. 1, of the Indian Institute of Technology,
Kanpur. Different exit Mach numbers are achieved by varying the
settlingchamber (stagnation) pressure Py. Circular plates of 1.5-mm
thickness, over which slots of required geometry were made, were
attached to the disk holder. The area ratio between the slot holder
pipe and the slot was 100. The slots were flat (square) edged. The
flattened edges of the slots were uniformly smooth. The centroid of
the slot was chosen to be the origin in the present study (see Fig. 1).

Tests were conducted on jets issuing at several subsonic Mach
numbers M; ranging from 0.2 to 1.0 to obtain the flow characteris-
tics. The pitot pressure was used to obtain the velocities using the
isentropic relation

M; = \/5[(Pa/Pt)‘0-2857 -1] (1)

where P, and P, are the pitot and ambient pressures, respectively.
From the velocity profiles, half widths Yys and Z,s were calcu-
lated. The pitot pressures were measured using a probe of 0.6-mm
outer diameter and 0.4-mm inner diameter, designed according to
recommendations by Nagai.!> The flowfield was captured by pitot
probe survey using a three-way traversing system. The pitot probe
was connected to a PSI 9010 multichannel pressure transducer in
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sion analysis was conducted in the range 10 <X/ D, <30 for the
centerline decay behavior at Mach 1.0 using

Uy/U, =K, (X/D, +C,) 2)
The valuesof mean streamwise velocity decayrate K, and kinematic
virtualorigin C, obtainedare given in Table 1. With exceptionof the
triangular jet, the value of K, keeps decreasing as the order of the
polygon increases. The kinematic virtual origins of the polygons
(except the hexagon) are located upstream of the slot exit plane.
The kinematic virtual origin moves downstream with increase in
the order of the polygon. Note that the kinematic virtual origin of a
circular jet lies downstream of the slot exit plane.!” Thus, as circu-
larity is approached (hexagon), the sign of C, changes, indicating
the shift of the kinematic virtual origin downstream of the slot exit
plane.

Fig.3 Contours of constant velocity showing cross-sectional structure
of polygonal jets operating at Mach number 0.4: outermost contour
0.1U, and innermost contour 0.9U,, in steps of 0.1U,.

The structure of the flow at each cross section is obtained in the
form of contours of constant velocity. In these contours, the local
centerline velocity U, has been chosen as the nondimensionaliz-
ing velocity. In this Note, side plane denotes the half-plane con-
taining the midpoint of a side and the centerline (plane containing
line OM in Fig. 1). The cross-sectional structures of the polygonal
jets are given in Fig. 3 for Mach 0.4. Close to the exit, the cross
sections of the jets were the same as that of the slot (not shown in
Fig. 3). The cross section of the jets become inverted at a distance of
2 diameters. This is due to the inhibitionof spread by the streamwise
vortices generatedat the sharp cornersof the polygon (see half-width



AJAA JOURNAL, VOL. 38,NO. 10: TECHNICAL NOTES 1987

3.0

2.0
QN
S LO
S 8 —— Triangle
N 0.0 - Square
Q“’ [ - Pentagon
~ 1.0 F Hexagon
>§ : .

-2.0

-3.0 - : - '

0 5 10 15 20 25

XD,

Fig. 4 Variation of half-velocity widths along vertex and side planes
for polygonal jets at Mach number 1.0: solid symbols, side planes, and
open symbols, vertex planes.

variation along the vertex plane in Fig. 4). Spread is maximum at
locations corresponding to the midpoint of a flat side, clearly indi-
cating the action of the large-scale structures rolling up from the
flat edges. Also notice that this increased spread along the flat side
direction is more pronouncedin lower-order polygons. Because for
polygonsof equal area the length of a side of a lower-order polygon
is higher than that of a higher-order polygon, it may be concluded
that the length of a flat side determines the amount of spread. The
area enclosed by the outermost contour (0.1U,) may be taken as a
measure of the size of the jet at a particular location. It is seen that
the size of the lower-order polygons are larger than those of higher
orders.

The half-width growths of the polygonal jets are compared in
Fig. 4 for Mach number 1.0. An initial decrease in half width
along the vertex planes can be seen from this plot. Observe that
the hexagon, being closer to the circle, attains axisymmetry more
quickly, compared to the rest of the polygons. This tendency de-
creases with decrease in the number of sides of the polygon. Thus,
the triangular jet shows a lot of variation in its spread along ver-
tex and side planes. The spread along side and vertex planes are
different, even at 25 diameters, for triangular and pentagonal jets.

Summary

In polygonal jets, mixing processes continue to be active even in
the far field. These results indicate that polygonal jets, particularly
those of lower orders, may be favorably consideredforusein mixing
and propulsive systems.
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Marching Distance Functions for
Smooth Control of Hyperbolic Grids
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Nomenclature
C = airfoil chord length
CSI = grid control parameter in & direction: when <1,
clustering; when >1, rarefying
c = grid point chord length
i, j = gridindices, related to & and n directions, respectively
i,j = unit vectors along x and y directions
i = i level to be controlled for grid control in & direction
J = Jacobian
Jn = j level to be controlled for grid control in 1 direction
e = j level to be controlled for grid control in & direction

= position vector
= grid spacing in n direction; marching distance

Sy = specified value of the marching distance at j,, for grid
control in 7 direction

S = initial grid spacing in 1 direction from the surface

s* = exponential grid spacing function, for grid control
in n direction from the surface

s = grid spacing function for grid control in 71 direction
at a specified j level

14 = cell volume or inverse Jacobian

x,y = Cartesian coordinates

Ai: = interval of i levels for grid control in & direction

Aj, = intervalof j levels for grid control in 1 direction

Aj: = interval of j levels for grid control in & direction

g, &* = grid control parameter in 7 direction; ratio of the change
in grid spacing to grid spacing in 7 direction, As/s

&, n = curvilinear coordinates

Introduction

HE hyperbolicgrid generationmethods have the advantagesof
goodorthogonality,ease of clustering,and efficiency in compu-
tation time. Their fundamental principles and recent developments
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