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When computing flows inside geometrically complex turbine-blade coolant passages, the structure of the grid
system used can significantly affect the overall time and cost required to obtain solutions. This article addresses
this issue while evaluating and developing computational tools for the design and analysis of coolant-passages,
and is divided into two parts. In the first part, the various types of structured and unstructured grids are
compared in relation to their ability to provide solutions in a timely and cost-effective manner. This comparison
shows that the overlapping structured grids, known as chimera grids, can rival and in some instances exceed
the cost-effectiveness of unstructured grids in terms of both the man hours needed to generate grids and the
amount of computer memory and CPU time needed to obtain solutions. In the second part, a computational
tool utilizing chimera grids was used to compute the flow and heat transfer in two different turbine-blade coolant
passages that contain baffles and numerous pin fins. These computations showed the versatility and flexibility
offered by chimera grids.

Introduction

T O increase thermal efficiency and specific thrust, ad-
vanced gas turbine engines operate at very high turbine

inlet temperatures. In order to accommodate such high inlet
temperatures, the turbine blades must be cooled so that their
structural integrity can be maintained. One effective way of
cooling the turbine blades is to introduce coolant air from the
compressor into the interior of the blades.1"6 Typically, the
coolant air enters each blade from the hub section and exits
through the blade's trailing edge. While inside the blade,
coolant air flows through a complicated passage that may be
serpentine and contains a number of channels, pin fins, and
transverse ribs.

The enormous complexity of the geometry coupled with
rotation and turbulence make the flow within coolant passages
extremely complicated. In order to design "effective" coolant
passages, it is essential that there be a good understanding of
1) the multidimensional flow physics taking place within cool-
ant passages and 2) how design and operating parameters
affect the flowfield. The understanding that is needed can be
obtained by experimental or mathematical methods. The ma-
jor objective of this investigation is to evaluate and develop
mathematical approaches, or more specifically computational
tools, that can potentially be used to obtain the required
understanding and be able to aid in the design and analysis
of coolant passages.
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In order for a computational tool to be useful in the design
and analysis of coolant passages, it must be able to generate
physically correct solutions, and do so in a timely and cost-
effective manner. By timely and cost-effectiveness, it is meant
not just the computer time and cost. Instead, it is meant the
total amount of time and cost needed to generate a solution,
including the time and cost needed to setup the problem before
it can be submitted to the computer (e.g., grid generation,
boundary, and initial conditions, etc.), as well as the computer
time and cost. The focus of this investigation is on ways to obtain
solutions that are timely and cost-effective. Readers interested
in accuracy or correctness of solutions are referred to Prakash
and Zerkle7 and references cited therein for errors associated
with modeling of physics (e.g., turbulence); and Steinthorsson
et al.K for errors associated with "numerics."

There are several factors that affect how timely and cost-
effective solutions can be obtained for the multidimensional
flowfield within realistic coolant passages. Of these, the most
important factor is associated with the amount of time and
effort needed to generate the grid that represents the ge-
ometry of the coolant passage. This is especially true for com-
plex-shaped coolant passages such as those in radial turbine
blades that have highly twisted flow passages with changing
cross sections, baffles, and numerous pin fins (e.g., see Fig.
1). For such coolant-passage geometries, depending upon the
structure of the grid, a grid can take up to one man-month
or more to generate.y-10 If many different coolant-passage
designs need to be evaluated, then the amount of man-months
required is compounded since many different grids must be
generated.

At this point, it is noted that despite the effort-intensive
nature of grid generation, no shortcuts can be made in it.
There are two reasons for this. First, grid generation produces
the mathematical representation of the problem's geometry;
and, in fluid mechanics, geometry has first-order effects on
the nature of the flow. Second, the structure of the grid (i.e.,
how grid points or cells are connected to each other) affects
significantly the efficiency with which solutions can be ob-
tained on the computer.

The organization of the rest of this article is as follows:
First, the different types of grid structures that can be em-
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Fig. 1 Schematic of a turbine blade with a coolant passage inside it.

ployed for the coolant-passage problem are examined in re-
lation to their cost-effectiveness. Afterwards, a grid structure
deemed most suitable for the coolant-passage problem is pro-
posed. Finally, that proposed grid structure is demonstrated
by applying it to compute the flow within two different coolant
passages.

Grid Structure and Cost-Effectiveness
All grids can be classified as structured, unstructured, or

mixed (i.e., a combination of structured and unstructured).
Structured grids can further be classified as single- or multi-
block grids. Depending upon how the different single-block
grids are combined together to form the multiblock grid, the
multiblock grid can be "completely continuous,'1 "partially
continuous,1' "partially discontinuous,11 or "completely dis-
continuous.11 "-12 As used here, structured grids are those that
employ quadrilateral or hexahedral cells with regular neigh-
bors, and unstructured grids are those that employ triangular
or tetrahedral cells with irregular neighbors. The reason for
requiring unstructured grids to use triangles or tetrahedra in
addition to having irregular neighbors is that a grid system
with quadrilaterals or hexahedra with occasional irregular
neighbors can be taken to be a multiblock structured grid.

The most important advantage of unstructured grids over
structured ones is that they are the easiest to generate, and
local grid refinement can readily be made. However, there
are three major disadvantages associated with their use. The
first disadvantage is that unstructured grids, in general, have
and require more cells than structured grids. In fact, even
when the same set of grid or nodal points are used, unstruc-
tured grids have twice as many cells as structured grids, since
there are two triangles in a rectangle and two tetrahedra in
a hexahedron. For high Reynolds number shear flows over
streamlined surfaces, the required number of cells can be
considerably more. This is because the angles between inter-
secting lines or planes of triangular or tetrahedral cells cannot
be too small, even though the length scales in the stream wise
direction can be orders of magnitude larger than those in
directions normal to it, based on fluid mechanics considera-
tions. The second disadvantage is that, since the connectivity
between grid or nodal points is random, efficient solution
algorithms, such as those based on line iterative processes
[e.g., alternating-direction implicit (ADI), and lower-upper
(LU) techniques] developed for structured grids, cannot be
used effectively. The third disadvantage is that, since the cells
are triangular or tetrahedral, grid lines cannot be aligned with
the flow direction. This implies that true upwind schemes
would be needed to capture physics. It also implies that higher

numerical diffusion would result unless cell aspect ratios are
kept near unity with cell sizes on the order of the shortest
length scales that need to be resolved. For structured grids,
grid alignment is possible in most situations, except those
involving recirculating flows where the grid aspect ratio also
needs to be kept near unity to minimize numerical diffusion.

Dawes13 successfully used the unstructured-grid approach
to study the flow within a realistic coolant passage. The cool-
ant passage that he studied was in a radial turbine blade with
all of the attendant geometric complexities. To overcome the
difficulty associated with unstructured grids' need for a large
number of grid points next to shear layers, walls functions
were employed so that grid spacings next to solid walls can
be larger. The numerical method employed to obtain solutions
was an explicit method (second-order-accurate Runge-Kutta
with residual smoothing). An explicit method was used be-
cause the random connectivity associated with unstructured
grids makes implicit methods difficult to implement. Despite
the less efficient numerical method of solution and a larger
number of grid points, the unstructured-grid approach of Dawes
is highly competitive in terms of the total amount of time and
cost needed to generate a solution. This is because the amount
of time required to generate a grid for the coolant passage is
considerably less than the one man-month mentioned earlier,
in fact, only a fraction of it.

For structured grids, the major advantages over unstruc-
tured grids are as follows. First, very efficient solution algo-
rithms exist because of the regularity in the connectivity be-
tween grid points (e.g., ADI and LU). And, second, far fewer
grid points are needed for high Reynolds number shear flows
since, for structured grids, grid spacings in the streamwise
direction can be orders of magnitude larger than those in
directions normal to it as long as grid lines are aligned with
the flow direction, a condition that is met easily by boundary-
fitted grids along solid surfaces. The main disadvantage as-
sociated with structured grids is that they can be much more
difficult to generate. This difficulty is greatest for multiblock
grids that are completely continuous and partially continuous,
less so for those that are partially discontinuous, and least for
those that are completely discontinuous.

Simulations of the coolant-passage problem using struc-
tured grids were performed by Steinthorsson et al.8 and Ippol-
oto.u Both of these studies investigated the three-dimensional
flowfield in the same coolant passage as Dawes.13 Steinthors-
son et al. employed a partially continuous multiblock grid,
whereas Ippoloto employed a partially discontinuous one. For
both of these grid structures, the grid generation process alone
can take up to one man-month or more to complete, which
is considerably longer than that required by the unstructured-
grid approach. Thus, the structured-grid approaches at-
tempted so far are clearly not competitive when compared
with the unstructured-grid approach in terms of timeliness
and cost-effectiveness.

Since structured grids do have a number of advantages over
unstructured ones, this investigation seeks to identify a struc-
tured-grid approach that can be competitive with the unstruc-
tured-grid approach for the coolant-passage problem. In this
regard, completely discontinuous structured grids (i.e., struc-
tured grids that can overlap each other) known as the chimera
grids are worth investigating. This is because they are the
easiest of the structured grids to generate. In fact, the ease
of generating such grids is comparable to that of unstructured
grids. And, under certain situations, that ease can even be
superior than that for unstructured grids. For example, if a
bank of pin fins in a coolant passage needs to be moved from
one location to another, unstructured grids will require the
generation of a totally new grid or at least a major portion
of it. But, in the case of chimera grids, it is only necessary to
move the grids about the bank of pin fins that were generated
earlier from the old location to the new location without the
need to generate any new grids. Thus, chimera grids rival
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unstructured grids in terms of cost-effectiveness in grid gen-
eration under such situations. Moreover, chimera grids sur-
pass unstructured grids when it comes to efficient solution
algorithms since they are made up of structured grids.

Chimera Grids
The many attractive features of chimera grids, cited in the

previous section, make them highly desirable for use in the
study of multidimensional problems with complex geometries.
Here, it is contended that an approach utilizing chimera grids
may be the most suitable one for use in the analysis and design
of coolant passages, especially those in radial-turbine blades
such as the one shown in Figs. 1 and 2. The reasons are as
follows:

1) For coolant passages in radial-turbine blades, the major
objective of the design process is to optimize the placement
of baffles and pin fins to give rise to the most uniform flow
and heat transfer possible over all parts of the coolant passage
with minimal recirculation regions and no hot spots. With a
chimera-grid approach, this task of optimizing the location of
the baffles and pin fins can be achieved easily by simply mov-
ing the grids about the baffles and the pin fins from one
location to another.

2) Since grids can overlap in chimera grids, the domain
regardless of its geometric complexity can be partitioned and
molded into sub-domains with simple geometries such as rec-
tangles and circles or whatever shape that is most convenient
for the grid generation process. For each of these geometri-
cally simplified subdomains, a grid can easily be generated.
Thus, the generation of a complete grid for even an extremely
complex-shaped domain can be made simple and straightfor-
ward.

3) Chimera grids can easily be used to eliminate mapping
singularities associated with O-O, O-H, C-H, . . . structured
grids by patching H-H grids over the singularities.15

Application to Turbine-Blade Coolant Passages
To demonstrate the feasibility and usefulness of the chi-

mera-grid approach for the analysis and design of flows in
coolant passages, two different coolant passages were studied.
The coolant passage problems studied along with their for-
mulation, as well as generation of chimera grids, computations
on chimera grids, and results obtained are described below.

Description of Test Problems
The two coolant passages analyzed in this study are as fol-

lows: The first coolant passage analyzed is one inside a radial
turbine component with 13 blades. A schematic diagram of

Fins

Coolant Flow

P T* c > A <

—Tip

one blade in this turbine component is shown in Fig. 1. Also
shown in that figure is a cutaway view of the coolant passage
within the blade and the direction of coolant flow. Figure 2
shows the projection of that coolant passage in a r-z plane.

For the coolant passage shown in Figs. 1 and 2, the coolant
was air, and its stagnation temperature T(. and pressure Pc in
a frame of reference fixed on the blade were 243.3 K and
168,900 Pa, respectively. The static pressures Ph at the exit
of the coolant passage was 61,400 Pa. Even though in practice
the coolant-passage wall temperature varies with position, in
this study it was taken to be a constant at 300 K.

The second coolant passage studied is shown in Fig. 3. This
idealized coolant passage was studied because experimental
data are being gathered for it.16 The experimental data gath-
ered can be used to validate the computational tool developed
here. For this coolant passage, the coolant was air with a
stagnation temperature of 294 K and a stagnation pressure of
100,000 Pa. The back pressure at the exit was adjusted to
match the flow rates used in the experiments.

Formulation of Test Problems
The flow within the two coolant passages described in the

previous section was modeled by the conservation equations
of mass, momentum ("full compressible" Navier-Stokes), and
total energy, written in generalized coordinates and cast in
strong conservation-law form. Since the goal of this study is
to demonstrate the usefulness of chimera grids for computing
flows inside coolant passages, effects due to rotation were not
considered at this time. Also, only some effects due to tur-
bulence were accounted for. The Baldwin-Lomax algebraic
turbulence model17 was used to increase the effective diffu-
sivities in boundary layers next to all solid walls, except those
next to pin fins and baffles.

Numerical Method of Solution
Solutions to the conservation equations of mass, momen-

tum, and total energy described in the previous section were
obtained by using a modified version of the OVERFLOW
code.18 The modified version of OVERFLOW is given the
name OVERFLOW.coolant. OVERFLOW.coolant uses a
partially split, two-factored, finite-volume algorithm.18-19 All
inviscid flux terms along the £ direction were upwind differ-
enced by using the flux-vector splitting procedure of Steger
and Warming.20 Inviscid flux terms in directions normal to
the £ direction were centrally differenced, as were diffusion
terms in all directions. The set of grid lines in the £ direction
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Fig. 2 Schematic of the coolant passage in an r-z plane.
Fig. 3 Schematic diagram of a coolant passage where experimental
data is being gathered.
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is boundary conforming and is distributed to align with the
general flow direction as much as possible.

Generation of Chimera Grids N

In order to obtain solutions by using OVERFLOW.coolant
or any other code, the domains of the problems shown in
Figs. 1-3 must be replaced by grid systems. As noted earlier,
the generation of partially continuous and partially discontin-
uous structure multiblock grids for these domains is extremely
tedious and time-consuming because of the baffles and the
large number of pin fins. However, if the different grids in a
structured multiblock grid are allowed to overlap in an ar-
bitrary manner as in chimera grids, then the grid-generation
process can become quite simple. Why this is so will become
clear after going through the steps of generating a chimera
grid.

Regardless of the complexity of the geometry, chimera grids
can be generated by going through the following four steps:
1) identify the key components of the geometry, 2) decide on
the ideal grid structure for each component, 3) decide on
which grid or grids are to cover or fill the entire domain, and
4) decide on the amount of overlap in different grids. These
four steps are illustrated below by generating a chimera grid
for the coolant passage shown in Figs. 1 and 2.

Step 1
For the domain shown in Figs. 1 and 2, the key components

are as follows: pin fins (12 in number, all identical in diameter
but differ slightly in length), baffles (three in number and
differ in geometry), coolant passage without the pin fins and
baffles.

Step 2
The ideal grid structure for each component identified in

the first step is as follows. For the pin fins, the ideal grid
structure is an O-H grid. Only one such grid needs to be
generated since all 12 pin fins are identical in diameter. For
the baffles, the ideal grid is a C-H grid that wraps around
each baffle. Here, three different grids need to be generated.
For the coolant passage without the pin fins and baffles, the
ideal grid is a H-H grid. For this component, it is noted that
the flow-cross-sectional area changes considerably after the
U-bend. Thus, to minimize the total number of grid points
needed, two overlapping H-H grids could be used, one H-H
grid with fewer grid points in the cross section for the narrower
part of the passage and another H-H grid with more grid
points in the cross section for the wider part of the passage.

The grid generated for each of these components is shown
in Fig. 4. Note that the generation of these grids is rather
straightforward since the geometry of each component has
been made simple. Also, note that all grids generated are
three-dimensional (although not shown as such), and are clus-
tered next to solid walls in order to resolve the sharp flow
gradients there.

Step 3
For the coolant-passage problem studied here, it is easy to

decide which grid or grids should fill the entire domain of
interest. Clearly, it should be the two H-H grids that span
the entire coolant passage. With such a choice, the baffles
and pin fins can be placed anywhere within it. Also, even
after the pin fins and baffles have been placed, they can be
removed and then located elsewhere without the need to gen-
erate new grids.

Step 4
In this step, all grids generated for each component are

overlapped on top of each other and/or the grid or grids that
fill the entire domain. For the coolant-passage problem, the
result of this overlapping process is shown in Fig. 5. Note that
in regions where grids overlap, grid spacings were made corn-

Fig. 4 Grid generated about each component of the coolant passage
shown in Figs. 1 and 2.

Fig. 5 Chimera grid generated for the coolant passage shown in Figs.
1 and 2.

parable in order to minimize aliasing errors. Not shown in
Fig. 5 is the boundary of each grid. Information from one
grid is transferred to the grid or grids that it overlaps through
grid boundaries by trilinear interpolation. Since trilinear in-
terpolation can produce conservation errors and cause gra-
dients to shift, an alternative way of transferring information
between grids is to use unstructured-grid formulation in the
overlapped regions.

This completes the generation of a chimera grid for the
coolant passage shown in Figs. 1 and 2. As a summary, the
chimera grid shown in Figs. 4 and 5 consists of 17 overlapping
grids and has a total of 696,473 grid points. A chimera grid
for the coolant passage shown in Fig. 3 can be generated in
a manner similar to the one just described. A chimera grid
thus generated is shown in Fig. 6. It also consists of 17 over-
lapping grids and has a total of 889,400 grid points. Since the
focus of this study is not on the detailed flow physics inside
coolant passages, further details about the grids generated
(e.g., minimum and maximum grid spacings that are needed
to assess the results) are not given.
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b)

c)

Fig. 6 Chimera grid generated for the coolant passage shown in Fig.
3: a) entire chimera grid, b) one close-up view, and c) another close-
up view.

At this point, it is noted that the coolant passage shown in
Figs. 1 and 2 is geometrically complex in three dimensions,
but the one shown in Fig. 3 is geometrically complex only in
two dimensions. For the former, each grid in the chimera grid
must be generated as a three-dimensional grid. For the latter,
each grid could be generated as a three-dimensional grid di-
rectly, or as a two-dimensional grid first and then stacked
together to form a three-dimensional grid.

By following the procedure described above for generating
chimera grids, one can see that chimera grids greatly simplify
the grid generation process, which in turn greatly reduces the
amount of man hours needed to setup the grid. For the two
coolant passages studied here, each chimera grid can be gen-
erated within a few days. This should be contrasted with the
one or more man months required to generate partially con-
tinuous and partially discontinuous structured grids for the
same geometries. Also, once a chimera grid has been gen-
erated, only about 1-2 man hours are needed to move one
or more pin fins or baffles from one location to another. This
is another order of magnitude reduction in man hours needed
to setup a grid.

Computations on a Chimera Grid
During computations of the flow in both coolant passages,

the flowfield in each grid was analyzed one at a time. For the
coolant passage in a radial-turbine blade, the following order
was used: the H-H grid in the entrance region, the H-H grid
in the rest of coolant passage, the C-H grids about the three

baffles, and finally the O-H grids about the 12 pin fins. For
the other coolant passage (Fig. 3), the order was as follows:
the H-H grid in the entrance region, the H-H grid in the rest
of the domain, and the O-H grids about the 15 pin fins. This
process of analyzing the flow in one grid at a time until all
grids are analyzed is repeated for each time step until a con-
verged solution is obtained. Here, a solution is assumed to
be converged if the second norm of the residual levels out for
at least 500 time steps. Typically, at that time, the second
norm is about 10~y. Here, it is noted that the residual oscil-
lates about some average value as it levels out, and the am-
plitude of those oscillations was less than 10~9 when the re-
sidual was 10 ~9 .

Information from one grid was passed to another grid in
the overlapped region via trilinear interpolation at grid bound-
aries. The required interpolation coefficients were obtained
by using the PEGSUS code.21 The details of the interpolation
process used to transfer data from one grid to another can be
found in Ref. 21, and will not be repeated here. However, it
is important to note that although the interpolation procedure
used was found to be stable and to lead to convergent solu-
tions, some conservation errors were introduced. For the cool-
ant passage problems investigated here, the conservation er-
rors were found to be small (less than 2%).

Results
Results were obtained for the flow and heat transfer inside

both coolant passages described earlier, and depicted in Figs.
1-3 to demonstrate that chimera grids can indeed be used to
obtain solutions. Some computed results for the flow in the
coolant passage inside the radial-turbine blade are shown in
Figs. 7 and 8. Figure 7 shows the velocity vector field and
contours of Mach number, pressure, and temperature in a
twisted plane midway between the suction- and pressure-side
walls of the coolant passage. Also shown in Fig. 7 is the
contour of the heat transfer coefficient on the suction- and
pressure-side walls. Figure 8 shows the velocity vector field
and contours of pressure and temperature in a cross section
that is located in the middle of the coolant passage's U-bend
as seen from the downstream side. Thus, the right and left
walls correspond respectively to the outer and inner radius of
the U-bend.

These results show that the computations were able to pre-
dict the separated regions where expected. For example, a
separated region can be observed at the entrance of the cool-
ant passage, around the U-bend, and in other regions of the
flowfield where adverse pressure gradients were sufficiently
large (Fig. 7a). Also, secondary flows due to curvature of the
coolant passage in the U-bend were predicted (Fig. 8). The
separated regions around and downstream of the U-bend were
found to constrict the flow considerably and caused the Mach
number in that part of the coolant passage to approach 0.9.
The expected vortex shedding behind each pin fin was not
captured by the computations. This is because an insufficient
number of grid points were placed around each pin fin to
resolve those physics.

Figure 9 shows the contours of Mach number, pressure,
and temperature computed in the midplane of the coolant
passage shown in Fig. 3. Figure 9 also shows the heat transfer
coefficient on a wall of the coolant passage.

The heat transfer coefficient shown in Fig. 9d can be com-
pared with the measured values16 given in Fig. 10. Such a
comparison shows that the computed and measured heat
transfer coefficient are in reasonable agreement. Basically,
they have the same order of magnitude and are qualitatively
similar. The differences between the computed and measured
values can be attributed to several sources. First, the flow
rates in the computed and measured coolant passages are
different by 12%. Second, efforts were not made to refine
the grid or the turbulence model since the focus of this study
was to demonstrate the utility of the chimera grids for the



218 STEPHENS ET AL.: CHIMERA GRIDS IN COMPUTING FLOWFIELDS

a)

Temperature (°K)

295.0
290.0
285.0
280.0
276.0
271.0
266.0
261.0
256.0
251.0
246.0
242.0
237.0
232.0
227.0

d)

Mach
1.100000
1.028570
0.957143
0.885714
0.814286
0.742857
0.671429
0.600000
0.528571
0.457143
0.385714
0.314286
0.242857
0.171429
0.100000

b)

h (W/m2°K)

130.0
121.0
112.0
102.0
93.0
83.0
75.0
66.0
56.0
47.0
38.0
29.0
19.0
10.0

1.0

Pressure (Barr)

2.000000
1.892860
1.785710
1.678570
1.571430
1.464290
1.357140
1.250000
1.142860
1.035710
0.928571
0.821429
0.7142860
0.6071430
0.5000000

h (W / m2 °K)

130.0
121.0
112.0
102.0
93.0
83.0
75.0
66.0
56.0
47.0
38.0
29.0
19.0
10.0

1.0

C)

Fig. 7 Computed flow and heat transfer in coolant passage shown in Figs. 1 and 2: a) velocity, b) Mach number contours, c) pressure contours,
d) temperature contours, e) heat transfer coefficient on suction-side wall, and f) heat transfer coefficient on pressure-side wall.
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a)

Pressure (Barr)

C)

1.327780
1.268410
1.209050
1.149700
1.090340
1.030990.
0.971636
0.912281
0.852927
0.793573
0.734219
0.674865
0.615511
0.558157
0.496802

Temperature ( °K)

B

F 295.0
E 290.0
D 285.0
C 280.0

276.0
A 271.0
9 266.0
8 261.0
7 256.0
6 251.0
5 246.0
4 242.0

237.0.
232.0
227.0b) —————— ————

Fig. 8 Computed results in a cross section at middle of U-bend in the coolant passage shown in Figs,
contours, and d) temperature contours.

and 2: a) grid, b) velocity, c) pressure

A
9
8
7
6
5
4
3
2
1

Mach

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Pressure (Barr)

b)

F
E
D
C
B
A
9
8
7
6
5
4
3
2
1

1.013250
0.964286
0.928571
0.892857
0.821429
0.785714
0.750000
0.714286
0.678571
0.642857
0.607143
0.571429
0.535714
0.535714
0.500000

Temperature (°K)

F
E
D
C
B
A
9
8
7
6
5
4
3
2
1

325.0
320.0
314.0
309.0
304.0
298.0
293.0
288.0
282.0
276.0
271.0
266.0
261.0
255.0
250.0

h (W/m2°K)

F
E
D
C
B
A
9
8
7
6
5
4
3
2
1

1000.0
932.0
864.0
796.0
728.0
661.0
593.0
525.0
457.0
389.0
321.0
254.0
186.0
118.0
50.0

Fig. 9 Computed flow and heat transfer in the coolant passage shown in Fig. 3: a) Mach number contours, b) pressure contours, c) temperature
contours, and d) heat transfer coefficient.
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Fig. 10 Experimentally measured heat transfer coefficient for the coolant passage shown in Fig. 3 (obtained from Ref. 16).

coolant passage problem and not to study the physics of the
flow. It is for this reason that only minimal discussions were
given for the results presented in Figs. 7-9.

Although discussion of the results shown in Figs. 7-9 were
minimal, their inspection does show that the results obtained
are reasonable. This indicates that chimera grids are indeed
useful for obtaining solutions in geometries as complex as
those in coolant passages.

Summary
In this article, the overlapping structured grid known as the

chimera grid was shown to be ideally suited for application
to the design and analysis of coolant passages with highly
complex geometries. The reasons are as follows: first, chimera
grids greatly reduce the number of man hours needed to gen-
erate a grid. Second, parametric studies to optimize baffle
and pin fin locations can be performed without generating
any new grids. Thus, those parametric studies can be per-
formed in a highly cost-effective manner with rapid turn-
around time. And third, since chimera grids utilize structured
grids, very efficient relaxation schemes such as ADI and LU
methods can be used to accelerate convergence rates. This
reduces the amount of computer time needed to generate
solutions, and thereby further reducing the overall time and
cost needed to obtain solutions.
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