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Conversion Factors,
Non-Sl to S| Units of
Measurement

Non-SI units of measurement used in this report can be converted to SI units
as follows:

Multiply By To Obtain
cubic feet 0.02832 cubic meters
degroees 0.01745 radians

foet 0.3048 metsrs
inches 2.540 centimeters
square feot 0.09290 square meters




Chapter 1

1 Introduction

Background

STREMR is a computer code (numerical model) that generates discrete
solutions of the incompressible Navier-Stokes equations for depth-averaged (or
width-averaged) two-dimensional (2-D) flow. The present version runs on
machines ranging from personal computers to supercomputers. It is suitable
for routine use by field engineers and others with an interest in depth-averaged
flow modeling. Previous experience with numerical models is helpful but not
mandatory for first-time users. STREMR can be used as a training aid for
prospective modelers, as a handy means of qualitative flow visualization, and
as a practical device for quantitative flow prediction. If its empirical
coefficients are fine-tuned for agreement with a particular physical model, the
code can also be used to extrapolate test data from laboratory scale to full
scale. Without site-specific tuning or adjustment of any kind, however,
STREMR predictions are still accurate enough to expedite the design of a new
hydraulic structure or the rehabilitation of an old one. Earlier versions of the
model have proven useful in studies concerning bendways, diversion tunnels,
pump stations, training structures, and bank protection.

The STREMR cnde computes the mutual interactions between sidewalls,
obstacles, and bathymetry to predict the resulting depth-averaged flow in chan-
nels of arbitrary shape. The primary input consists of a computational grid
(created by a separate grid-generation code), optional velocity distributions
along user-specified inflow and outflow boundaries, and sufficient data for
depth (or bottom and surface elevation) to reconstruct the bathymetry by
interpolation.

STREMR eliminates a great deal of user guesswork by incorporating a k-¢
turbulence model and a three-dimensional (3-D) secondary flow correction.
The turbulence model generates an eddy viscosity from the computed primary
flow; and the secondary flow correction accounts for the interaction between
lateral curvature and vertical nonuniformity, which causes high velocities to
migrate toward the outsides of channel bends. Manning’s coefficient for
bottom friction is the only empirical parameter required in the code input.
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STREMR uses a finite-volume discretization scheme with curvilinear grids
to accommodate irregular 2-D flow boundaries, and it accounts for nonuniform
bathymetry by assigning a different depth 1o each grid cell. This stair-stepped
discretization of depth is admissible to the extent that depth-averaging itself is
admissible. If the depth-induced forces vary gently enough with position, the
resulting 3-D effects will be weak enough to be approximated with depth-
averaged cormrections for bottom friction and secondary flow. If they vary too
strongly with position, however, the flow will have 3-D components large
enough to invalidate the use of a 2-D model altogether.

STREMR imposes a rigid-lid approximation instead of a free surface, but it
can be used for free-surface flow wherever the local Froude number is 0.5 or
less. If variations in the width and depth of flow are sufficiently gentle, and if
ther. are no obstacles present (piers, dikes, islands, etc.), then the code may be
applicable at Froude numbers as high as 0.7. In any case, the computed pres-
sure is equivalent to the displacement of a free surface, and it can be used as
an approximation thereof. The lower the Froude number, the more accurate
the approximation becomes. The absence of a true free surface makes
STREMR unsuitable for calculations involving hydraulic jumps and moving
surface waves.

Purpose and Scope

This report serves as three documents in one: an instruction manual for
STREMR users; a compendi...a of examples for code exccution and model
verification; and a review of the governing equations, the discrete mathematics,
and the computational algorithms. Part 1l is an overview of model capabilities
and operation; Part Il gives detailed instructions for input and execution; and
Part IV explains the form and content of STREMR output. Part V presents
examples of STREMR input along with computed results and test data, and
Part VI offers conclusions. Appendix A enumerates the 7overning equations
for the primary flow; Appendix B describes the turbulence model; and Appen-
dix C discusses the secondary flow cormrection. Appendix D explains the trans-
formation from Cartesian to curvilinear coordinates; Appendix E derives the
finite-volume discretization; and Appendix F reviews the algorithms used to
solve the discrete equations,
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2 STREMR Overview

Input

User input for STREMR is read from an external file in namelist format.
This input consists mainly of designations for grid cell types, initial velocity
distributions for inflow and outflow, and specifications for bathymetry and
bottom friction. Additional input parameters allow the user to select or reject
options such as the turbulence model and the secondary flow correction. Grid
coordinates are read froin a sccond external file created by a separate grid-
generation code.

Computational Procedures

After reading input for a cold start (no previously computed flow),
STREMR uses the input velocities to compute a mass-conserving initial flow,
which it imposes as a starting condition. The code then marches forward in
time, using a MacCormack predictor-corrector scheme (MacCormack 1969) for
the momentum equation and an Euler upwind scheme (Anderson, Tannehill,
and Pletcher 1984) for the turbulence and secondary flow equations. The
MacCormack scheme is a modified version (Bernard 1986, 1989) with pressure
computed from a Poisson equation. The solution technique for the Poisson
equation is a preconditioned conjugate-gradient method reported by Kapitza
and Eppel (1987), and the conjugate-gradient subroutines in STREMR were
wrilten by Kapitza (1987). See Appendices A-F for a complete description of
the governing equations and the computational algorithms.

Compurtational Grids

STREMR uses a finite-volume discretization scheme with curvilinear
boundary-fitted grids for irregular 2-D regions (Figure 1). The depth-averaged
flow equations are transformed from Cartesian (x,y) coordinates, with arbitrary
spacing (Ax,Ay), to curvilinear (i,j) coordinates with unit spacing (Af,Aj) so that
At = Aj = I between the grid lines. Every grid cell is square in the computa-
tional (4f) planc regardless of its appearance in the Carlesian (x,y)
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_a. Cartesian (x,y) plane

1
b. Computational (i,j) plane

Figure 1. Grid appearance in Cartesian and computational planes

Chapter 2 STREMR Overview




plane, and all information concerning cell size and shape (in the Cartesian
plane) is absorbed into the coefficients of the transformation. The transformed
equations are more complicated than their Cartesian counterparts, but the
computational logic is the same as that for a uniformly spaced rectangular grid.
See Appendices D and E for details concerning the transformation and
discretization.

A grid cell is a miniature control volume, for which STREMR calculates
face-centered fluxes (U, V), cell-centered velocities (4,v), and a cell-centered
pressure p. Figure 2 shows the discrete locations at which the cell-centered
and face-centered quantities are computed. The fluxes U and V are volumelric
flux components normal to cell faces of constant i and constant j, respectively.
Volumetric flux is the product of depth at the cell face, length of the cell face,
and velocity normal to the cell face.

As the computed flow evolves in time, only U, V, and p are carried from
one time-step to the next. The Cartesian velocity components u and v are
computed from U and V only when they are needed. The staggercd placement
of discrete variables (cell-centered pressure and face-centered flux) is called a
marker-and-cell (MAC) grid. Curvilinear MAC grids can be produced by
numerical grid-gencration codes such as WESCOR (Thompson 1983), which
fits the grid to the boundaries of the flow; or they can be fabricated by any
other boundary-conforming procedure that arranges the grid cells in rows and
columns according to i and j. Once the grid has been generated, attention can
be focused primarily on the computational (1,5) plane (Figure 3).

Cell Indices and Computational Coordinates

The computational coordinates (;,j) run from ¢{ = 0 to i = IMAX and from j
= 0 o J = JMAX for a grid that covers IMAX spaces in the i-direction and
JMAX spaces in the j-direction. These integer coordinates (i) serve two pur-
poses (Figure 2). First, they define the location of each node; and second,
they serve as indices (labels) for each cell. Thus, in the computational plane,
cell (1,j) is the grid cell whose upper right-hand corner lies at node (1,j). Since
there is sometimes no physical difference between plan view and elevation
view for 2-D flow, it is generally expedient to use the generic terin "east” for
the positive i-direction, and "north” for the positive j-direction.

Consider the hypothetical 12 X 8 grid shown in Figure 3, for which /IMAX
= 12 and JMAX = 8. Cclls in the grid are indicated by solid lines, and
phantom cells outside the grid are indicated by dashed lines. Node (0,0) lies at
the origin (intersection) of the - and j-axes, which is the southwest corner of
the entire grid. This node is also the southwest corner of grid cell (1,1), and
the northeast corner of phantom cell (0,0). The northeast corner of the entire
grid is node (12,8), which is also the northeast corner of grid cell (12,8), and
the southwest corner of phantom cell (13,9). Note that the phantom cells are
not part of the grid itsel!, and they are not generated with the grid. Phantom
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v(i,J)

v(i,i-1)

(i-1,3-1)
a. Cartesian (x,y) plane

V(i,j)
(1"]’3) T 7-\1:)
* ®
v(i,3)
u(i-1,3) |—= @m,j) L)
*— T *

(i-1,3-1)  v(3,3-1) (1,3-1)

b. Computational (i,j) plane

Figure 2. Discrete placement of celi-centered velocities {u,v), face-centered
fluxes (U,V), and grid nodes () for cell (i,j)
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Figure 3. Computational (i,j) plane with hypothetical 12 x 8 grid (solid lines)
surrounded by phantom cells (dashed lines)

cells are merely dummy locations required by STREMR logic in the
computational plane.

Grid Cell Types

STREMR classifies cells into six types: FIELD, NOSLIP, SLIP, FLUX,
OPEN, and OUT. Grid cells that lie in the flow and touch no boundaries are
FIELD cells. Grid cells that lie in the flow and touch boundaries may be
either NOSLIP, SLIP, FLUX, or OPEN cells. OUT cells are phantom cells
outside the grid, or inactive (no-flow) cells inside an obstacle (Figure 4).

Flow enters or leaves the grid through FLUX and OPEN cells, and these
must have at least one entire face on a boundary. The volumetric flux through
a FLUX boundary face is constant, but the volumetric flux through an OPEN
boundary face changes as the flow evolves. It is besl to designate inflow cells
as FLUX cells and outflow cells as either FLUX or OPEN cells.

SLIP cells touch boundaries that impose no tangential force (sidewall fric-

tion) on the flow, and NOSLIP cells touch boundaries that do impose a tan-
gential force. SLIP and NOSLIP cells must have at least one corner on a boundary.
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FIELD cells touch no boundaries at all, and these are designated automati-
cally by STREMR. OUT cells touch only the boundaries or each other.
Phantom cells and no-flow cells inside obstacles (generated with the grid) are
automatically designated as OUT cells by STREMR. Note that solid obstacles
(piers, dikes, islands, etc.) are always filled with OUT cells and surrounded by
SLIP or NOSLIP cells (Figure 4).
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Figure 4. Computational (i.j) plane with 12 x 8 grid and 2 x 2 obstacle

STREMR makes all boundary-adjacent grid cells NOSLIP by default, and
the user must specify other cell types (SLIP, FLUX, or OPEN) wherever they
are needed along the boundaries. NOSLIP cells can be converted o SLIP cells
with a single input entry for the entire grid. Any previously specified type
except OPEN can be changed (by subsequent input) to any other type except
FIELD. A cell can be designated OPEN only once, as part of a single row or
column of OPEN ccells; its type cannot be changed by subsequent input.
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Flowrate

The total flowrate is constant for the grid as a whole, and the fluxes U and
V through the boundary faces of each FLUX cell are constant. The total flow-
rate is either specified by the user (default) or computed from the input
velocities.

For OPEN cells, the net flow through a continuous boundary segment of
OPEN faces is constant, but the flow distribution along that segment may
change with time. For this reason, groups of OPEN cells have to be specified
as distinct rows or columns in the computational (;j) plane. STREMR assigns
a particular flowrate to each user-defined row or column of OPEN cclls, and
these rows and columns must not overlap.

Grid Quality

Grids need not be orthogonal nor uniformly spaced in the Cartesian (x,y)
plane, but it is best to avoid sharply skewed gridlines and abrupt changes in
grid spacing (Figure 5). Excessive skewness and disparate spacing may
degrade accuracy and promote numerical instability. As a rule of thumb, the
angles between intersecting gridlines should be kept between 45 dc:gl and
135 deg; and the local change in grid spacing should be no more than 30 per-
cent from one cell to the next. It is also wise to avoid cell aspect ratios
(length/width) greater than 10 wherever sharp flow gradients may occur in the
lengthwise direction. If possible, grid cells should be oriented so that the grid
spacing is finest in the direction of the strongest depth or velocity gradient.

At least two grid spaces are needed to represent an obstacle normal to the
general direction of flow (Figure 4); but this is sufficient only for the crudest
possible representation. Five to ten spaces will produce much better results,
but may still leave grid-associated errors of 20 perceni or more in computed
details such as the reattachment length for a separated flow. Twenty spaces
may reduce these errors to 3 percent or less. See Part V, Examples 2A, 2B,
3A, and 3B for supporting evidence.

There is an important point to remember concerning the magnitudes of the
Cartesian coordinates (x,y). In the process of discretization, STREMR
computes the difference between the Cartesian coordinates of neighboring grid
cells. If these coordinates are very large, and their differences very small,
accuracy may be needlessly lost. To avoid this, make sure that the magnitudes
of the Cartesian coordinates (x,y) are commensurate with the size of the grid in
the Cartesian (x,y) plane. For example, if the grid covers only 100 metres in
the x-direction and 300 metres in the y-direction, then neither x nor y should

1 A table of factors for converting non-SI units of measurement to SI (metric) units is
presented on page ix).
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a. Excessive skewness

‘ b. _Abrupt change in grid spacing

Figure 5. Undesirable features for computational grid in Cartesian (x,y) plane

exceed 1000 metres. If the original value for the maximum x-coordinate is
1,000,000 metres in this case, the (x,y) origin needs to be moved so that the
maximum x-coordinate becomes 1000 metres or less. Otherwise, four signifi-
cant figures will be lost in each differencing operation.

Nonuniform Bathymetry

STREMR employs depth-averaged approximations for bottom friction and
3-D secondary flow, but these are valid only for gentle variations in depth
(Figure 6). This means that the bottom slope should be less than 45 deg (mea-
sured from the horizontal) when it involves a change in depth of S0 percent or
more over the entire slope. Submerged features may cause numerical insta-
bility if they impose dramatic depth changes with bottom slopes greater than
45 deg; but even when they do run successfully, the computed results should
be viewed with considerable skepticism. Side slopes greater than 45 deg
should be replaced with vertical sidewalls.
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Figure 6. Elevation view of gentle (a) and abrupt (b) variations in depth

STREMR accommodates nonuniform bathymetry by allowing a different
depth in every grid cell, which produces a stair-stepped depth discretization in
the computational space (Figure 7). Note, however, that the same depth is
assigned to every grid cell by default, and this has to be changed for individual
cells and groups of cells by user input.

STREMR accepts input for either the flow depth or the bottom and surface
elevations, but not for depth and elevations together. If elevations are speci-
fied, STREMR obtains the depth by subtracting the elevation of the bottom
from the elevation of the surface. Depth (or elevation) input is accepted for
sections, line segments, individual cells (or points), and also for the grid as a
whole. Input for sections must be specified with computational (5,)) coordi-
nates, but input for line segments and points can be specified with either (i)
or (x,y) coordinates.
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the computational (i,) plane

Bottom Friction

STREMR accounts for bottom resistance with Manning’s equation, which
gives the (nondimensional) bottom friction factor (Appendix A) as a function
of the depth and the Manning coefficient n. Values for n are specified in the
same manner as the depth, with input accepted for sections, line segments,
individual cells (or points), and also for the grid as a whole. Note that the
default condition in STREMR is no bottom friction (n = 0), and it is up to the
user to input nonzero values.

Automatic Interpolation of Input

STREMR offers an optional interpolation scheme that fills in the values of
Manning’s coefficient and depth (or elevation) at all locations not specified in
the user input. In this scheme, STREMR ftreats the values at the specified
locations as though they were fixed boundary conditions, and then solves a
Laplace equation for the values at the remaining (unspecified) locations. This
allows the creation of a smooth distribution from sparse user input. The inter-
polation is activated by default, but it can be rejected by user input.
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Eddy Viscosity

STREMR accounts for turbulence by including an eddy viscosity in the
depth-averaged governing equations for the primary and secondary flow. This
is obtained from a k-e turbulence model (Launder and Spalding 1974), which
consists of empirical transport equations for the turbulence energy k and the
turbulence dissipation raic €. STREMR solves these equations and compuies
the local eddy viscosity v from the results.

Included with the k-& model is an empirical procedure for calculating turbu-
lence energy, dissipation rate, and shear stress near sidewalls and obstacles.
This procedure is not suitable for modeling turbulent boundary layers, but it
does a fair job of predicting flow separation on curved sidewalls. See Part IV,
Example 4, for supporting evidence.

The turbulence model is activated in STREMR by default; but it is optional,
and users can reject it via the input. If the turbu:ence model is rejected, then
STREMR uses a kinematic viscosity specified by the user. In the latter case,
the code accepts only one viscosity for the entire flow, and the sidewall shear
stress is then calculated from a viscous no-slip condition (Appendix B). Ordi-
narily one should keep the turbulence model activated in STREMR calcula-
tions, because it offers a better approximation for the eddy viscosity than can
be obtained by guesswork alone. Only for laminar flow calculations (at low
Reynolds number) should the turbulence model be omitted.

Secondary Flow Correction

Curved channels often develop a 3-D secondary flow (spiral motion) that
causes the highest velocities to migrate toward the outsides of the bends.
STREMR accounts for this by solving an empirical transport equation for
streamwise vorticity (Appendix C), which creates a secondary shear stress in
the depth-averaged momentum equation (Appendix A). The secondary flow
correction is activated by default, but no secondary flow is produced unless
Manning’s coefficient is greater than zero. Users can reject it altogether via
the input (regardless of the value of Manning’s coefficient).

Dimensional Units

Internally STREMR uses only SI units of length (meters), but input may be
specified in SI urits (meters, square meters, cubic meters, and seconds) or
English units (feet, square fcet, cubic feet, and seconds). Printed output is
available in SI or English units, with time expressed in seconds. A table for
converting English units to SI units is given on page ix.
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14

Variable Time-Step

Users may either specify a fixed time-step or let STREMR set its own
variable time-step automatically from numerical stability considerations. The
variable time-step eliminates much guesswork from the input, and it allows the
code to approach a steady state as quickly as possible. Users may specify the
interval at which the time-step is to be reset.

Output

STREMR stores information for printing, plotting, and future hot starts
(restarts from a previously computed flow) in separate output files. Condensed
flow information is available at user-specified print intervals, and a cell-by-cell
printout is available at user-specified storage intervals. Output to be used for
future hot starts is overwritten after each storage interval. At the beginning of
a hot start, STREMR reads a previously computed hot-start file before reading
the namelist input. Printed maps of the relative values of selected variables are
available at the end of each STREMR run.

Chapter 2 STREMR Dverview




3 STREMR input and
Execution

Array Dimensions

The 2-D arrays in STREMR have dimensions IDIM and JDIM in the - and
j-directions, respectively. These dimensions are specified by parameter state-
ments in each of the five subroutines of the source code; ¢.g.,

PARAMETER ( IDIM = 52 , JDIM = 19)

Inside the grid, the cell indices run from i = 1 to i = IMAX and from j = 1 to
J = JMAX, but STREMR also uses a perimeter of phantom OUT cells around
the outside of the grid (Figure 4). The indices for the STREMR arrays must
then run fromi =0t i=/MAX + I and from j = 0 to j = JMAX + I at the
very least.

In general, IDIM must equal or exceed IMAX + I and JDIM must equal or
exceed JMAX + I, but the code runs faster with IDIM = IMAX + 1 and JDIM
= JMAX + 1. For grids with 500 cells or more, it is usually worthwhile to
recompile STREMR to these dimensions with each change of IMAX and
JMAX (i.e., with each change of grid dimensions). In any case, the source
code has to be recompiled whenever IDIM and JDIM are changed for any
reason.

Before changing IDIM, note that IDIM must have the same value in each
of the five STREMR subroutines. That also goes for JDIM; but note that
IDIM and JDIM need not be equal to each other.

Namelists and Variable Types

The namelist input format is an extension of FORTRAN 77 that is sup-
ported by many FORTRAN compilers. It is especially convenient for codes
that accept numerous input parameters, as STREMR does. Namelist format

Chapter 3 STREMR Input and Execution
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differs from standard input format in that it recognizes input quantities by their
FORTRAN names instead of by their locations in an input file.

STREMR employs namelist format for all user-specified input. Variables
may be specified in any order within a given namelist, but the namelists them-
selves musl appear in a specific order. Individual variables can be omitted
from a given namelist, in which case the code will assign default values (for a
cold start) or previously stored values (for a hot start) to the omitted variables.
Cenrtain required namelists must never be omitted from the input. Missing
namelists and namelists out of order will cause STREMR to stop or abort.

A cold start requires three different namelists (in order) called BEGIN,
PARAM, and INPUT. A hot start requircs BEGIN and PARAM, but not
INPUT. In either case, BEGIN and PARAM appear only once each; but
INPUT appears repeatedly (at least ten times) in the input for a cold start.
Each of these namelists accepts three types of variables: CHARACTER,
INTEGER, and REAL (floating-point).

Namelist BEGIN

The first input namelist for hot starts and cold starts is BEGIN, which
accepts the input variables explained in Tables 1-3. When specifying input
values, it is helpful to organize the variables in columns according to their
type. Consider the following hypothetical example:

&BEGIN START="COLD’ ) IREF=1, TURBIN=0.003,
FLOW="FLOWRATE’ , JREF=S, PECLET=50. ,
JUNITS="METRIC’ ,
TITLE="HYPOTHETICAL INPUT® &END

Note that an ampersand & in column 2 must always precede the first letter
of the namelist name in column 3. This signals the beginning of the input for
a given namelist, and the delimiter &END signals the end. A comma must
follow each value assigned, except for the last entry in the namelist, which is
followed by &END.

START activates cold starts and hot starts. The only variable that must be
specified for hot starts is START = 'HOT’, but STREMR also reads and uses
new values (if any) specified for IREF, JREF, and TITLE. It is usually better
not to change IREF and JREF from their cold-start values, but TITLE may
change with each new hot start. The other variables in namelist BEGIN have
no influence on hot starts.

If VGUESS = 'YES’, STREMR uses all velocities input by the user to
calculate an initial flow field. These velocities are adjusted automatically to
achieve conservation of mass, but the resulting vorticity is the same as that
imposed by the input velocities. Otherwise, when VGUESS = 'NO',
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Table 1

CHARACTER Variables Used in Namelist BEGIN

Vatiable Value Explanation
START = ‘COLD’ Cold start (default).
START = HOT Hot start.
VGUESS = YES' All user-specified velocities will be used for the initial flow.
VGUESS = ‘NO' Only usar-specified velocities in FLUX and OPEN cells will
be used for the initial flow (default).
FLOW = FLOWRATE' Flowrate will be specified by user (default}.
FLOW = INFLOW Flowrate will be computed from user-specified inflow
velocities.
FLOW = "OUTFLOW Flowrate will be computed from user-specified outfiow
velocities.
IUNITS = 'METRIC’ input units will be S| (metric) units: meters, square meters,
cubic meters, and seconds (default).
IUNITS = 'ENGLISH' Input units will be non-S1 (English) units: feet, square feet,
cubic feet, and seconds.
ELEVAT = 'YES’ Depth values will be computed from surface and bottom
elevations specified by user.
ELEVAT = 'NO' Depth values will be input directly by user (default).
INTERP = 'YES' Unspecified values for depth, etc., will be
computed by interpolation (default).
INTERP = '‘NO Unspecified values for depth, etc., will be
assigned the default value or the user-specified general
value for that quantity.
TITLE = - User-specified title for plots and printed output. Maximum
length is 80 characters and spaces.
Table 2
INTEGER Variables Used in Namelist BEGIN
Variable Explanation
{REF i-index of reference cell which will be assigned
a 2610 value of pressure. Defauit value is that
for the first FLUX or OPEN cell to be found in a
left-to-right, bottom-to-top search of the
computational (i,j) plane.
JREF J-index of reference cell. Default value is
assigned in same manner as that for IREF.
STREMR input and Execution
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Table 3
REAL Variables Used in Namelist BEGIN
1

Variable Explanation

TURBIN ]Inﬁow value for ratio of turbulence enargy ®©
velocity squared. (Default = 0.003)

PECLET Initial Peciet number in reference ceil.
Used only with turbulence modei.
{Default = 50.)

REDUCE Scale-reduction factor by which ali input for
depth, slevation, velocity, and grid spacing
will be divided. (Default = 1.)

STREMR uses only the normal components of the input velocities along
FLUX and OPEN boundaries. In this case, the resulting initial flow inside the
grid is irrotational (no vorticity). The default (VGUESS = 'NO’) should
ordinarily be used, but the alternative (VGUESS = ’YES’) is sometimes needed
so that small initial velocities can be specified in troublesome areas 1o

avoid numerical instability.

When FLOW = 'FLOWRATE’ (default), STREMR adjusts the inflow and
outflow velocities so that they match a user-specified flow rate before com-
puting the internal initial flow. When FLOW = ’INFLOW’, the outflow
velocities are adjusted to match the flow rate produced by the user-specified
inflow velocities. The opposite is true when FLOW = "OUTFLOW".
Regardless of the option chosen, however, the adjusted velocities have the
same relative distributions (along FLUX and OPEN boundaries) as the input
velocities.

TUNITS determines the units for all input flow variables except Manning's
coefficient (for which no units have to be specified). This eliminates the need
to specify units for any input variable unless they are different from IUNITS.
ELEVAT determines whether the code will accept input for depth or for bot-
tom and surface elevations. STREMR accepts depth or elevation, but not
both. INTERP controls the automatic interpolation of input for depth (or ele-
vation) and Manning’s coefficient.

The reference cell (IREFJREF) is used for setting reference values for
pressure, turbulence energy, and turbulence dissipation rate. In principle it can
be any cell except an OUT cell. Nevertheless, since the rigid-lid pressure is
the same as free-surface displacement at low Froude number, it is best to place
the reference cell next to the midpoint of an inflow boundary. This is the
equivalent to setting a reference elevation for the water surface at a single
upstream location. The computed pressure then gives the decline in water-
surface elevation necessary to maintain the input flowrate, regardless of any
other user-specified depths or elevations.
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The scale-reduction factor REDUCE is a convenient parameter for changing
the model scale without changing the input for the grid or the bathymetry. It
is especially useful when comparing STREMR predictions (for a given
geometry) with small-scale data from physical models and with full-scale data
from field tests. All x- and y-coordinates for the grid and all input values for
velocity and depth (or elevation) are divided by REDUCE. Thus, REDUCE
must be less than unity to increase the scale and greater than unity to decrease
the scale. Note that if FLOW = "FLOWRATE’, however, the user-specified
flow rate is not changed by REDUCE.

The variables TURBIN and PECLET are used by STREMR only when the
turbulence model is activated (default). TURBIN is the ratio of turbulence
energy to initial velocity squared in the reference cell IREF,JREF), and this
reference energy is the inflow turbulence energy for all FLUX cells. PECLET
is the initial Peclet number (cell Reynolds number) in the reference cell, based
on the local grid spacing and the initial velocity (Appendix B). This
determines the inflow dissipation rate for all FLUX cells. The default values
(TURBIN = 0.003 and PECLET = 50.) should ordinarily suffice for most
STREMR applications, but they can be changed at the user’s discretion.

Namelist PARAM

The second input namelist for hot starts and cold starts is PARAM, which
accepts the input variables explained in Tables 4-6. These variables may be
assigned one set of values for a cold start and a different set of values for
subsequent hot starts. As with BEGIN, it is helpful (o arrange the input for
PARAM in columns according to type. Consider the following hypothetical
example:

&PARAM PUNITS="METRIC’, NSTEPS=300, DTIME=0.1,
ALLOUT="YES’ , NSTORE=200, RECAP=25,
MAPS="YES’ » NSTOMO=100, DRAG=1.0,
TIMER="NO’ , INFORM=10 ,  AVIS=1.0,

ITERS=3 &END

The CHARACTER variables in PARAM serve as on/off switches for
options that can be activated or deactivated for cold starts and subsequent hot
starts. For example, one might run a cold start with a variable time-step
(TIMER = *YES’) and a hot start with a fixed time-step (TIMER = *NO")
whose value is given by DTIME in the input.

PUNITS determines the units in which all output will be printed, regardless
of the input units set by IUNITS (in namelist BEGIN). This does not affect
the units for stored output, however, which are always metric (SI) units.

NSTEPS is the total number of time-steps executed in a given run. If
NSTEPS = 0 (cold starts only), STREMR will compute and store the initial
flow without marching forward in time. This option is convenient when trying
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Table 4

CHARACTER Variables Used in Namelist PARAM

Variable Value Explanation

PUNITS = ‘METRIC’ Printed information will be in SI (metric) units: meters, square
meters, cubic meters, and seconds (default).

PUNITS = 'ENGLISH' Printed information will be in English units: feet, square feet,
cubic feet, and seconds.

ALLOUT = YES' Complete listing of flow variables will be printed each time out-
put is stored for plotting and hot starts (default).

ALLOUT = 'NO’ Complete listing of flow variables will not be printed, but partial
listing may be printed, depending on input values for the print
indices (IPMIN, IPMAX, JPMIN, JPMAX, ISKIP, and
JSKIP).

MAPS = "YES' Maps of cell types and fiow variables will be printed at end of
STREMR run (detault).

MAPS = ‘NO' Maps will not be printed,

TIMER = 'YES' Variable time-step will be activated {(detault).

TIMER = ‘NO' Variable time-step will not be activated.

KETURB = YES' Turbulence model will be activated (default).

KETURB = ‘NO' Turbulence model will not be activated.

BENDER = YES' Secondary flow will be activated (default).

BENDER = ‘NO' Secondary flow will not be activated.

Table 5

INTEGER Variables Used in Namelist PARAM

Variable Explanation

NSTEPS Total number of ime-steps 1o be executed in a given run.

(Defauk = 1)
NSTORE First ime-step for which output is to be stored.
(Default = 1)
NSTOMO Subsequent interval beyond NSTORE (in time-steps) at which
output is to be stored. (Default = 1)
INFORM Interval (in ime-steps) at which variable time-step
will be reset, and at which condensed fiow information
will be printed. (Default = 10)
ITERS Number of iterations used in solution of Poisson equation
for pressure. (Default = 3)
IMAP Maximum width of printed maps in the computational (i,j) plane {measured in grid
spaces). Maps with width greater than IMAP will be broken inte horizontal sections
and stacked with the leftmost section on top. (Defauit = 130)
L
L

(Continued)
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Table 5 (Concluded)

fr———

Variable Explanation

IPMIN Smallest I-index for partial ceil-by-cell listing

of flow variables. (Default = 0)
IPMAX Largest |-index for partial listing. (Default = 0)
JPMIN Smallest J-index for partial listing. (Default = 0}
JPMAX Largest J-index for partial fisting. (Defautt = 0)
ISKIP Skip interval for l-index in partial listing. (Default = 1)
JSKIP Skip interval for J-index in partiai listing. (Default = 1)
Table 6

REAL Variables used in Namelist PARAM

Variable |Explanation

DTIME Time-step in seconds if TIMER = 'NO'. (Default = 1.0)

SAFE Safety tactor for automatic calcuiation of variable ime-step if TIMER = YES' .
(Defautt = 0.9)

DRAG Coefficient for increasing or decreasing sidewall shear stress. Used only with
turbulence model. (Default = 1.0)

AVIS Coefficient for increasing or decreasing all viscosity, whether input by user or
computed by turbulence model. (Default = 1.0)

RECAP  |Turbulence adjustment parameter Ry for eddy viscosity.
(Defauit = 2.5) Set RECAP = 1.0 for standard k-e modei.

ASEC Production coefficient Ag for secondary flow. Do not change default vaiue without
reading Appendix C! (Default = 5.0)

DSEC Decay coefficient Dg for secondary flow. Do not change default value without
reading Appendix C! (Default = 0.5)

new grids or new sets of input, because it allows users to find and correct
many kinds of input errors without wasting much computer time on erroneous
calculations. If no input errors are found, the stored initial flow can be used as
input for a hot start. Note that for hot starts, however, NSTEPS must be
greater than zero.

NSTORE is the first interval (number of time-steps) after which data will
be stored for plots and future hot starts, and NSTOMO is the subsequent
interval for storage. Thus, the first set of data will be stored when NSTORE
time-steps have been computed; and the second set will be stored when
NSTORE + NSTOMO time-steps have been computed since the beginning of
the run, Storage is repeated at intervals of NSTOMO time-steps until the total
number reaches NSTEPS for that run.
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ALLOUT determines whether a cell-by-cell listing of flow variables will be
printed at the end of each storage interval. If ALLOUT = "YES' (default),
STREMR prints a complete listing of flow variables. Otherwise, if ALLOUT
= ’"NO’, STREMR prints a partial listing unless IPMIN = 0. Thus, one may
obtain a full listing, a partial listing, or no listing at all. MAPS determines
whether maps of cell types and relative values of flow variables (1 1o 9) will
be printed at the end of the run. These maps are also printed when a calcula-
tion becomes unstable (regardless of the input value for MAPS) if STREMR
can detect the instability before blowing up.

KETURB and BENDER, respectively, control the turbulence model and the
secondary flow correction. When KETURB = "YES’ (default), the computed
flow is turbulent, with eddy viscosity generated automatically by the turbu-
lence model. When KETURB = 'NO’, the computed flow is laminar, with
constant viscosily (user-specified). Likewise, when BENDER = "YES’
(default), the influence of secondary flow is included with bottom friction.
Otherwise, when BENDER = 'NO’, the secondary flow is omitted altogether.

With the variable time-step activated (default), the time-step is computed
automatically by STREMR, and no input value is needed for DTIME. At
designated intervals (INFORM), and at the end of cach storage interval,
STREMR resets the variable time-step and prints condensed information about
the current state of the computed flow.

The condensed infarmation includes a quantity called EMAX, which is an
index for convergence of the iterative pressure calculation. As a rule of
thumb, EMAX should be less than 0.02, but larger values may be acceptable
for transient flow conditions. Anomalies are often quite noticeable in the
computed flow when EMAX approaches or exceeds 0.1. Increasing ITERS
(the number of pressure iterations) usually reduces EMAX, and vice versa.

Whenever the variable time-step is activated (TIMER = *YES . Jefault
values should ordinarily be used for the REAL variables in namclist PARAM.
Note that SAFE is the fraction of the maximum allowable time-step that
STREMR will use in setting the variable time-step. If stability problems arise,
they can sometimes be overcome by making SAFE less than its default value
(0.9). If the variable time-step is not activated (TIMER = 'NO’), a fixed value
must be specified for the time-step DTIME in seconds. In the latter case,
stability problems can sometimes be overcome by reducing DTIME.

Whenever the turbulence model is activated (KETURB = "YES"), sidewall
resistance can be increased (or decreased) by making DRAG greater (or iess)
than unity. The eddy viscosity can be reduced (or increased) in regions of low
velocity and strong turbulence by increasing (or reducing) RECAP, which is
the STREMR name for the turbulence adjustment paramcter R in
Appendix B.

The default value RECAP = 2.5 is used for the modified k-& model in
STREMR, and it is set slightly high to compensate for anticipated grid error
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on coarse grids. Note that the standard k-e model can be imposed by setting
RECAP = 1.0. With or without the turbulence model activated, however, the
viscosity can be uniformly increased (or decreased) everywhere by making
AVIS greater (or less) than unity. As for the secondary-flow coefficients A¢
and Dg in Appendix C, only the default values (ASEC = 5.0 and DSEC = 0.5)
should be used for the corresponding STREMR parameters.

Namelist INPUT

For cold starts only, the third namelist is INPUT. This namelist is used
repeatedly for the input of cell types and for the input of general (global)
values, section values, line values, and random (single-cell) values of the initial
flow variables. Even if no cell types or flow variables are specified for a cold
start, INPUT must appear at least ten times:

&INPUT ITEM="CELL TYPES’ &END

&INPUT ITEM="END’ &END
&INPUT ITEM="GENERAL’ &END
&INPUT ITEM="END’ &END
&INPUT ITEM="SECTION’ &END
&INPUT ITEM="END’ &END

&INPUT ITEM="LINE’ &END
&INPUT ITEM="END’ &END
&INPUT ITEM="RANDOM’ &END
&INPUT ITEM='END’ &END

If any one of these ten INPUT namelists is missing or out of order, STREMR
will stop or abort.

The ten required occurrences of INPUT come in five pairs, which open and
close five different categories of input. In each pair, the character variable
ITEM opens the input category (e.g., ITEM = "CELL TYPES”), and it also
closes the input category (ITEM = ’END’). Additional INPUT namelists can
be inserted between the opening/closing pair for each category, with ITEM
used to indicate the input quantities to be specified in each case.

Input for Cell Types

In the first input category, the namelist INPUT is used to specify cell types.
The integer pairs (/1,J1) and (12,J2) indicate rows (J1 = J2), columns (/1 =
12), and rectangular sections (/7 » 12 and JI » J2) in the computational (i)
plane. The INPUT namelist instructions for cell types are given in Table 7.

Each row or column of OPEN cells has a separate identity and must not
overlap any other row or column of OPEN cells. Note also that OPEN cells
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Table 7
Instructions for INPUT Namelist Sequence to Specify Cell Types

1. The opening INPUT namelist for cell types contains only the CHARACTER variable
ITEM = 'CELL TYPES’

2. Intermediate INPUT namelists (if any) must contain ITEM and the INTEGER indices 11, 12, J1,
and J2. ITEM indicates the cell type to be specified. The indices dictate cell locations in the (i,j)
plane.

Variabfe  Vaijue Explanation

{TEM = FLUX FLUX cells {fixed inflow or cutflow)

ITEM = 'OPEN' OPEN cells (variable inflow or outflow)

ITEM = 'SLIP SLIP cells (no sidewall friction)

ITEM = 'NOSLIP NOSLIP cells (default along boundaries)

ITEM = ‘ouT! OUT cells (phantom ceils outside grid and inactive cells inside
obstacles)

ITEM = ‘ALL SLIP'  [Converts all existing NOSLIP cells to SLIP cells

It = Smallest INTEGER i-index for row, column, or section (1 to IMAX)

Ji= Smallest INTEGER j-index for row, column, or section (1 to JMAX}

12 = Largest INTEGER i-index for row, column, or section (1 to IMAX)

J2 = Largest INTEGER j-index for row, column, or section (1 to JMAX)

3. ltem 2 must be repeated for each separate row, column, or section of cell types to be
specified.

4. The closing INPUT namelist for cell types contains only the CHARACTER variable
ITEM = "END’

cannot be changed by subsequent input.  STREMR will stop if the cell type is
specified more than once for an OPEN cell at a single location in the computa-
tional (1)) plane. See Appendix E for an explanation of the radiation boundary
condition for OPEN cells.

Input for SLIP, NOSLIP, and OUT cells can be specified in rectangular
sections, as long as the final configuration leaves only rows and columns of
SLIP and NOSLIP cells. In this case, the indices (/1,J1) indicate the lower left
cell and (12,J2) the upper right cell of the section. Input for FLUX, SLIP,
NOSLIP, and OUT cells can overlap. When the cell type is specified more
than once for a FLUX, SLIP, NOSLIP, or OUT cell with indices (,f), the last
designation replaces all previous designations. Remember that NOSLIP is the
default cell type along all grid boundaries. Any cell that does not lic next to a
boundary (i.c., does not touch an OUT cell) is a FIELD cell by default.

Since any cell type (except OPEN) can be changed to any other cell type
(except FIELD) by subsequent input, it is possible to create internal obstacles
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that were not generated with the original grid. Consider the following
hypothetical INPUT sequence:

&INPUT ITEM="CELL TYPES’ &END
&INPUT ITEM="NOSLIP’ , 11=2, Ji=1, 12=19, J2=1 &END
&INPUT ITEM="SLIP* , I1=2 , J1=10, 12=19, J2=10 &END
&INPUT ITEM="NOSLIP’, I1=11, J1=3 , [2=13, J2=8 &END
&INPUT ITEM="OUT’ , 11=12, Ji=4 , 12=12, J2=7 &END
&INPUT ITEM="FLUX* , I1=1, J1=1, I2=1, J2=10 &END
&INPUT ITEM="OPEN’ , I1=20, J1=1, 12=20, J2=10 &END
&INPUT ITEM="END’ &END

In the computational (i,j) plane, this INPUT sequence creates an obstacle
1 cell thick (in the i-direction) and 4 cells wide (in the j-direction) inside a
grid with 20 cells in the i-direction and 10 cells in the j-direction. The west
end of the grid is a FLUX boundary, and the east end is an OPEN boundary.
Between the ends, the north and south grid boundaries are SLIP and NOSLIP,
respectively.

In its printed maps of cell types, STREMR uses the following numerals to
indicate the six different types in the computational plane:

0=OUT 1=FIELD 2=NOSLIP 3=SLIP 4=FLUX 5=OPEN

Thus, for the hypothetical INPUT sequence above, the map of cell types
printed by STREMR would be:

43333333333333333335
41111111111111111115
4111111i112221111115
41111111112021111115
41111111112021111115
41111111112021111115
41111111112021111115
41111111112221111115
41111111111111111115
42222222222222222225

Placement of Cell Types

There are limitations on the placement of the various cell types. Some of
these are rules that must be followed if STREMR is to run at all, while others
are simply guidelines that improve the quality of computed results. Using the
same numerals as before to indicate cell types, the rules and recommendations
for cell placement are given below:
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a. No FIELD cell may touch an OUT cell. Only SLIP, NOSLIP, FLUX,

and OPEN cells may touch an OUT cell. For example, STREMR will
stop if it encounters the following arrangement of cells:

11111
10001
10001
11111

. SLIP, NOSLIP, FLUX, and OPEN cells are allowed only as single rows

and columns. STREMR will stop if it encounters any of the following
arrangements of cells:

22 33 44444 S 5
22 33 44444 55 55
33 44444 555 555

. SLIP and NOSLIP cells must touch at least one OUT cell. This

includes the phantom OUT cells that surround the grid (Figure 4).
STREMR will stop if it encounters any of the following arrangements of
cells:

11111 111 111 1111

12221 121 131 1331

11111 121 131 1111
111 111

. FLUX and OPEN cells must have at least one entire face in common

with an out cell. This includes the phantom OUT cells that surround the
grid (Figure 4). STREMR will stop if it encounters any of the following
arrangements of cells:

11111 1111111 1111111
14441 1422241 1533351
11111 1200021 1300031
1422241 1300031

1533351

1111111

. It is best not to place rows or columns of OPEN cells next to rows or

columns of FLUX cells. STREMR may have trouble with the following
arrangements of cells:

222224 555444 555555
111114 311112 111114
111114 311112 111114
111115 311112 111114
111115 311112 111114
333335 311112 222224
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J. 1t is best not to place OPEN cells next to obstacles and indentations.
STREMR may have trouble with the following arrangements of cells:

1111311111111111 111111111111111
111113555531111 111111111111111
111113000031111 111112555521111
111113000031111 111112000021111
111113333331111 111112000021111
111111111111111 222222000022222

g Whenever possible, it is best if OPEN cells extenc all the way across the
end of a channel or the end of a channel arm. For example, the follow-
ing are well-placed distributions of OPEN cells:

22222222222225 22222222222225
11111111111115 11111111111115
1111:1111111115 11111111111115
11111111111115 1111111111111S
111111113111115 11122222222225
11111111111115 11120000000000
1111111111111S 11120000000000
11111111111115 11122222222225
11111111111115 11111111111115
11111111111115 11111111111115

22222222292295 22222222222225

The foregoing maps of cell types show only portions of a hypothetical grid,
and they show none of the phantom OUT cells that always surround the grid
(Figures 3 and 4). Remember that SLIP and NOSLIP cells can be specified in
sections if subsequent input for OUT celis (by row, column, or section) leaves
only rows and columns of SLIP and NOSLIP cells in the resulting (final)
configuration. STREMR checks the final arrangement of the input cell types
and prints the locations and types of fatally misplaced cells.

Input for Quantities Other than Cell Types

The INTEGER indices I1, J1, 12, and J2 are used in general to define rows,
columns, lines, sections, and single cells in the computational (i,j) plane. For
input quantities other than cell types, however, the REAL (floating-point)
coordinates X1, Y1, X2, and Y2 are also used to define lines and points in the
Cartesian (x,y) plane as well.

VALUES is a one-dimensional REAL array that is used to specify floating-
point input quantities such as depth, elevation, velocity, and Manning’s coeffi-
cient. The character variable UNITS indicates the units for individual input
quantities. Note that UNITS needs to be specified only for each occurrence of
INPUT in which UNITS is different from IUNITS.

7
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General (Default) Values

In the second input category, the namelist INPUT is used to specily general
values of parameters and flow variables for the grid as a whole. The INPUT

namelist instructions for general values are given in Table 8. Thes~ values
replace the default values that would otherwise be used by STREMR. A
hypothetical INPUT sequence for general values might have the following

appearance:

Table 8

Values

Instructions for INPUT Namelist Sequence to Specify General

ITEM = "GENERAL'

1. The opening INPUT namelist for general values contains only the CHARACTER variable

2. Intermediate INPUT namelists (if any) must contain ITEM and VALUES. ITEM indicates the
input quantity, and VALUES gives its REAL value. The optional CHARACTER variable UNITS is
for units other than {UNITS.

Variable Value Explanation

ITEM = ‘X-VELOCITY' X-component of velocity (Default = 0.0}

ITEM = Y-VELOCITY" Y-component of velocity (Detfault = 0.0)

ITEM = I-VELOCITY! {-component of velocity (Default = 0.0)

ITEM = 'J-VELOCITY' J-component of veiocity (Default = 0.0)

ITEM = 'FLOWRATE' Flowrate {Detault = 1.0)

ITEM = "MANNING' Manning's coefficient  (Default = 0.0)

ITEM = ‘DEPTH’ Depth {Default = 1.0)

ITEM = 'SURFACE' Surface elevation (Detault = 1.0)

ITEM = '‘BOTTOM' Bottom elevation {Default = 0.0)

ITEM = '‘DEEPER’ Constant added to all STREMR flow depths  (Default =
0.0)

ITEM = VISCOSITY Kinematic viscosity {Dcfault = 0.000001)

ITEM = ‘GRID’ UNITS will be specified for grid

VALUES = Single REAL value for input quantity

UNITS = ‘METRIC S| units (if different from IUNITS)

UNITS = ‘ENGLISH Non-Si units (if different from IUN.TS)

3. ltem 2 must be repeated for each general value to be specified.

ITEM = 'END’

4. The closing INPUT namelist for general values contains only the CHARACTER variable
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&INPUT ITEM="GENERAL’ &END
&INPUT ITEM="FLOWRATE’ , VALUES=20. &EnL
&INPUT ITEM="DEPTH’ , VALUES=1. &END
&INPUT ITEM="I-VELOCITY', VALUES=1. &END
&INPUT ITEM="MANNING’ , VALUES=0.02 &END
&INPUT ITEM="END"’ &END

With automatic interpolation activated by INTERP = "YES’ in namelist
BEGIN (default), general values will be imposed in all SLIP, NOSLIP, FLUX,
and OPEN cells, exept those where other values have been specified by subse-
quent input (see below). Otherwise, when INTERP = *NO’, general values
will be used in all grid cells, exept those where other values have been
specified by subsequent input.

Remember that when VGUESS = *NO" in namelist BEGIN (default),
STREMR uses only the input velocity components normal to FLUX and
OPEN boundaries when it computes the initial flow inside the grid. In this
case, the general velocity affects only those FLUX and OPEN cells for which
there is no subsequent velocity input. Otherwise, when VGUESS = "YES’, the
general velocity influences all grid cells for which there is no subsequent
velocity input.

Note also that STREMR accepts either x- and y-components or i- and j-
components for input velocity (general or otherwise), depending on which is
specified last. For example, if an x-component is specified first and a j-
component is specified afterward, then STREMR uses only the j-component.

STREMR accepts input values for depth only when ELEVAT = "NO’ in
namelist BEGIN (default). Otherwise, when ELEVAT = 'YES’, it accepts
input values for surface and bottom elevations instead of depth. Note that
when ITEM = "DEEPER’, the value specified for VALUES is a constant that
will be divided by the scale factor REDUCE and added to all depths otherwise
resulting from the input for depth or elevation. This allows users to increase
or decrease the flow depth by the same amount everywhere, without having to
change the rest of the input for bathymetry.

Remember that when KETURB = "YES’ in namelist BEGIN (default),
STREMR computes eddy viscosity from the turbulence model, and no general
value is needed for viscosity. Otherwise, when KETURB = *NO’, be sure to
specify a general value for viscosity.

Section Values

In the third input category, the namelist INPUT is used to specify values
for parameters and flow variables in rectangular sections of the computational
(4)) plane. The INPUT namelist instructions for section values are given in
Table 9. Values are assigned by rows (I1 to I12), beginning with the J1 row
and ending wiih the J2 row. Be careful that the number of values specified
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Table 9

Values

Instructions for INPUT Namelist Sequence to Specity Section

1. The opening INPUT namelist for section values contains only the CHARACTER variable

ITEM = "‘SECTION'

2. Intermediate INPUT namelists (if any) must contain ITEM, VALUES, and 11, 12, J1, and J2.
ITEM indicates the input quantity. VALUES gives its REAL values. UNITS (cptional) is for units
other than IUNITS.

Variable Value Explanation

ITEM = ‘X-VELOCITY" X-component of velocity

ITEM = Y-VELOCITY' Y-component of velocity

ITEM = I-VELOCITY' l-component of velocity

ITEM = J-VELOCITY! J-component of velocity

ITEM = "MANNING' Manning's coefficient

ITEM = ‘DEPTH’ Depth

ITEM = ‘SURFACE" Surtace elevation

ITEM = '‘BOTTOM Bottom elevation

1= Smallest INTEGER i-index for section
J = Smallest INTEGER j-index for section
12 = Largest INTEGER i-index for section
J2 = Largest INTEGER j-index for section
VALUES = Multiple REAL values for input quantity
UNITS = ‘METRIC’ Sl units (if different from [UNITS)
UNITS = "ENGLISH Non-Si units (if different from IUNITS)

3. ltem 2 must be repeated for each different section and for each variable that is to be assigned
section values.

4. The closing INPUT namelist for section values contains only the CHARACTER variabls
ITEM = "END’

fills the scction exactly. A hypothetical INPUT sequence for section values
might have the following appearance:

&INPUT ITEM="SECTION" &END

&INPUT ITEM="DEPTH"’ y [1=2, 12=7, J1=3, 12=5, VALUES=18*1.2

&INPUT ITEM="MANNING' , 11=4, [2=5, J1=6, J2=7,
VALUES=0.021,0.022,0.022,0.021 &END

&INPUT ITEM="END" &END

Note that the input values tor the array VALUES can be specified
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sequentially as REAL numbers separated by commas, and as INTEGER
multiples of single REAL numbers, as shown above.

Line Values

In the fourth input category, INPUT is used to specify user-designated
values for parameters and flow variables along lines in either the computa-
tional (i)) plane or the Cartesian (x,y) plane. The INPUT namelist instructions
for line values are given in Table 10. In this case, the end points must be
specified for the line, along with the respective end-point values for the input
quantity. End points for a single line may be specified as either (4)) or (x,y)
coordinates, but not both.

STREMR uses linear interpolation (with respect to arc length) to distribute
values of the designated variable between the two end points, but the lines
connecting end points aie not necessarily straight Given a pair of Cartesian
(x,y) end points, the code finds two cells whose centers lie closest to these
points. [t then finds the shortest connection between the centers of the end-
point cells in the computational (i,j) plane. That connection might be a row, a
column, a diagonal, or a combination thereof. The centers of the connecting
cells are the interpolation points for the input variable. A hypothetical INPUT
namelist sequence for line input might have the following form:

&INPUT ITEM="LINE’ &END
&INPUT ITEM="DEPTH’ , 1=3 , J1=2 , 12=1 , 12=7 , VALUES=1.10,0.90 &END
&INPUT ITEM="MANNING’ , X1=2.1, Y1=1.3, X2 :6.4, Y2=0.8, VALUES=0.01,0.02 &END
&INPUT ITEM="END’ &END

Note that for line input, I1 can be greater than 12, and J1 greater than J2.
Likewise, X1 can be greater than X2, and Y1 greater than Y2.

Values for Cells and Points at Random

In the fifth input category, INPUT is used to specify parameters and flow
variables at random for individual cells (I1,J1) in the computational plane and
for individual points (X1,Y1) in the Cartesian plane. The INPUT namelist
instructions for random values are given in Table 11. A hypothetical namelist
sequence for random input might have the following form:

&INPUT ITEM="RANDOM’ &END
&INPUT ITEM="DEPTH’ , X1=8.6, Y1=7.9, VALUES=1.05 &END
&INPUT ITEM="MANNING’. I1=2 , J2=9 , VALUES=0.01 &END
&INPUT ITEM="END’ &END
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Table 10
Instructions for INPUT Namelist Sequence to Specify Line Values

——

-

1. The opening INPUT namelist for line values contains only the CHARACTER variable
ITEM = ‘LINE'

2. Intermediate INPUT namelists (if any) must contain ITEM, VALUES, and the indices |1, 12, J1,
and J2 {or the Cartesian coardinates X1, X2, Y1, and Y2). In this case, VALUES gives the input
values for the two end celis (11,J1) and {12,J2) or for the two Cartesian end points (X1.Y1) and
(X2,Y2).

Variable Value Explanation

ITEM = Same as for section input
UNITS = Same as for section input
VALUES = REAL values for input quantity at

the two end points of the line

11 = INTEGER i-index for cell containing
first end point

J1 = INTEGER j-index for cell containing
first end point

12 = INTEGER i-index for cell containing
second end point

J2 = INTEGER j-index for cell containing
second end point

Xt = REAL x-coordinate for first end point
Yt = REAL y-cocrdinate for first end point
X2 = REAL x-coordinate for second end point
Y2 = REAL y-coordinate for second end point

3. item 2 must be repeated for each different line and for each variable that is to be assigned
line values.

4. The closing INPUT namelist for line values contains only the CHARACTER variable
i ITEM = 'END’

Figure 8 shows the complete sequence of hypothetical namelists for BEGIN,
PARAM, and INPUT in proper order.

Execution

Table 12 summarizes the main steps carried out by STREMR for hot starts
and cold starts. With all the namelists assembled in a command file or an
input file, and with the grid data assigned to a second input file, the user is
ready to execute a flow calculation.

When executing a cold start (START = *COLD") for a new grid or a new
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Table 11

Instructions for INPUT Namelist Sequence to Specify Random
Values

— ——

1. The opening INPUT namelist for random values contains only the CHARACTER variable
ITEM = 'RANDOM

2. Intermediate INPUT namelists (it any) must contain ITEM, VALUES, and the indices 11 and J1
{or the Cartesian coordinates X1 and Y1). In this case, VALUES gives the value of the input
quantity in the cell (11,J1) or at the Cartesian point (X1,Y1).

Variable Value Explanation

ITEM = Same as for section input

UNITS = Same as for section input

VALUES = Single REAL value for input quantity
= INTEGER i-index for grid cell

Jt = INTEGER j-index for grid cell

X1 = REAL x-coordinate for Cartesian point
Yt = REAL y-coordinate for Cartesian point

3. ltem 2 must be repeated for each different celt or point and for each variable that is to be
assigned individual point values or cell values.

4. The closing INPUT namelist for random values contains only the CHARACTER varsiable
ITEM = 'END'

set of flow parameters, it is wise 1o make the first run with NSTEPS = 0.
STREMR will then calculate and store the initial flow, print all information
requested by the user, and stop. This is convenicnt for detecting errors in the
input, but it works only for cold starts. For hot starts (START = 'HOT"),
NSTEPS = 1 is the fewest number of time-steps permissible.

Except when computing time-dependent flow, it is preferable to use a vari-
able time-step (TIMER = "YES’). Even for time-dependent flow, it is a good
idea to make a short test run with a variable time-step to find out what the

fixed time-step should be. A fonger run can then be executed with a fixed
time-step.

If the rcal flow has no steady state, as is often the case when obstacles are
present, then STREMR should likewise reach no steady state. 1f the real flow
does have a steady state, then STREMR should reach a condition in which the
compuled velocitics hover about their steady-state values. In the latter case,
there will be no discernible change in plotted strcamlines, and hardly any
change in plotted velocity vectors. For practical purposes this is the stead
state. There is little point in further calculation when the maximum and mini-
mum values of velocity (in the condensed flow information) have remained
unchanged for several hundred time-steps.
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&BEGIN  START='COLD’ , IREF=1, TURBIN=0.003,
F1OW='FLOWRATE' , JREF=5, PECLET=-50.
IUNITS='METRIC’ )
TITLE~‘HYPOTHETICAL INPUT’ &END
&PARAM PUNITS=~'METRIC*' , NSTEPS=300, DTIME=0.1,
ALLOUT='YES' , NSTORE=200, RECAP=2.5,
MAPS~'YES'’ »  NSTOMO=100, DRAG-1.0,
TIMER~'NO’ ., INFORM=10 , AVIS=1.0,
ITERS«3 &END
&INPUT ITEM='CELL TYPES' &END

&INPUT ITEM='NOSLIP’ , I1=2 , Jl=1 , I2=19, J2=1 &END
&INPUT ITEM='SLIP* , I1=2 , J1=10, 12«19, J2=10 &END
&INPUT ITEM='NOSLIP’ , Il=11l, J1=3 , I2=13, J2=8 &END
&INPUT 1TEM=-'OUT’ » I1=12, Ji=4 , 12=12, J2=7 &END
&INPUT ITEM=‘FLUX’ , I1=1 , J1=1 , I2=1 , J2=10 &END
&INPUT ITEM='OPEN’' , I1=20, Jl=1 , I2=20, J2=10 &END
&INPUT ITEM='END’ &END
&INPUT ITEM~'’GENERAL’ &END
&INPUT ITEM=‘FLOWRATE'’ VALUES=20. &END
&INPUT ITEM=-'DEPTH' VALUES=1.  &END
&INPUT ITEM='I-VELOCITY' , VALUES~1l. &END
&INPUT ITEM=‘MANNING’ VALUES=0.02 &END

&INPUT ITEM=~'END’ &END
&INPUT ITEM=~'SECTION' &ERD
&INPUT ITEM='DEPTH’ , I1=2, I2=7, J1l=3, J2=5, VALUES=18+%1.2 &END

&INPUT ITEM='MANNING’ , Il=4, I2~5, Jl=6, J2=7,
VALUES=0.021,0.022,0.022,0.021 &END

&INPUT ITEM='END’ &END

&INPUT ITEM='LINE’ &END
&INPUT ITEM=~’DEPTH’ , I1=3 |, Jl=2 , I2=1 , J2=7 , VALUES=1.10,0.90 &END
&INPUT ITEM=~'MANNING’ , X1=2.1, Yi=1.3, X2=6.4, Y2-0.8, VALUES=0.01,0.02 &END
&INPUT ITEM~'END’ &END
&INPUT ITEM=-'RANDOM’ &END

&INPUT ITEM=~'DEPTH' , X1-8.6, Yl=7.9, VALUES=1.05 &END
&INPUT ITEM='MANNING’, Il=2 , J2=9 , VALUES=0.0l &END
&INPUT ITEM~'END’ &END

Figure 8. Complete sequence of hypothetical namelists (in proper order)
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Table 12
STREMR Operations for Cold Starts and Hot Starts

Cold Start Hot Start

Read namelist BEGIN Read namelist BEGIN

Read grid input file Read namelist PARAM

Read namelist PARAM Execute flow caiculation for specified number of time-steps
(NSTEPS)

Read namelist INPUT for cell types [ Print condensed information and calculate time-step size
at specified intervals (INFORM)

Read namelist INPUT for general Print flow variables and write output 1o piot and hot-start

values files at specified intervals (NSTORE, NSTOMO)

Read nameiist INPUT for section Print maps of flow variables
values

Read namelist INPUT for line values

Read namelist INPUT for random
vailues

Exscute flow cakeulation for specified
number of time-steps (NSTEPS)

Print condensed information and
calculate time-step size at specified
intervals (INFORM)

Print flow variables and write output to
plot and hot-start files at specified
intervals (NSTORE, NSTOMO)

Print maps of flow variables
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4 STREMR Output

Types of Output

The STREMR code generates separate output for printing, plotting, and
subsequent hot starts. Printed output appears on the monitor screen during
interactive execution, but it is diverted to a default device (log file, printer,
elc.) during batch execution. Data for plotting and for subsequent hot starts
are written to separate output files.

Cell-by-Cell Printout of Flow Variables

When ALLOUT = "YES’ in namelist BEGIN (default), STREMR prints a
complete cell-by-cell listing of cell-centered values for the primary flow vari-
ables. When ALLOUT = 'NO’, STREMR prints a partial cell-by-cel! listing if
the print indices IPMIN, IPMAX, JPMIN, and JPMAX are all greater than
zero in namelist PARAM. These are cell indices that determine the southwest
corner (IPMIN,JPMIN) and the northeast corner (IPMAX,JPMAX) for the
section of the computational plane included in the partial listing. The integers
ISKIP and JSKIP set the i- and j-intervals at which information is printed. In
the order of their appearance, the quantities that are printed are the cell indices
(&)), cell type, x-velocitly (1), y-velocity (v), resultant flow speed (u2 +v2)1/ 2
pressure (p), depth (), viscosity (v), bottom friction factor (Cf), turbulence
energy per unit mass (k), rate of turbulence energy dissipation per unit mass
(€), and Froude number (Fr).

When PUNITS = '"METRIC’ in namelist PARAM (default), the printed
variables are given in SI units with velocity in meters per second, pressure in
meters of water, depth in meters, viscosity in square meters per second, energy
(per unit mass) in square meters per square second, and energy-dissipation rate
(per unit mass) in square meters per cubic second. When PUNITS =
’ENGLISH’, the printed variables are given in non-Sl English units with
velocity in feet per second, pressure in feet of water, depth in feet, viscosity in
square feet per second, energy (per unrit mass) in square feet per square
second, and energy-dissipation rate (per unit mass) in square feet per cubic
second.
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v
The bottom friction factor Cyis a dimensionless function of depth h and
Manning’s coefficient n given in Appendix A. The Froude number Fr is the
dimensionless ratio of local flow speed (resultant depth-averaged velocity) to
free-surface wave speed, given by

u? + 2 1)
gh

Fr

where g is gravitational acceleration. The printed viscosity is the local value
of viscosity (computed from the turbulence model or input by the user), which
includes the effect of the amplification factor AVIS.

Printout of Friction and Pressure Coefficients for
Sidewalls

After the cell-by-cell printout of flow variables (if any), STREMR prints
the sidewall friction coefficient C,and the sidewall pressure coefficient C, for
all SLIP and NOSLIP boundary faces that were included in the cell-by-cell
printout. The formulas for these quantities are given by

KJ»)
Cr= 2 @)
f
(g® + vo2)

C, = 2p

—re 3
p(uo2 + voz) @)

where p is the pressure, and v, is the sidewall shear stress (Appendix B) com-
puted (for turbulent flow) from the turbulence model or (for laminar flow)
from a viscous no-slip condition. The quantities 4, and v, are the cell-
centered velocity components in reference cell (IREF,JREF).

Although the same symbol C, is used here for bottom and sidewall friction
coefficients, both of which arise from turbulent shear stress, the two quantities
are computed differently in STREMR. The bottom friction coefficient
accounts for the vertical influence of turbulence along the bottom, and ii is
caiculated from Manning’s coefficient n. The sidewall friction coefficient
accounts for the lateral influence of turbulence along the sidewalls, and it is
calculated from the sidewall shear stress 1y, produced by the STREMR version
of the k-e turbulence model.
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Printout of Condensed Flow Information

At user-specified print intervals (INFORM) and at the end of each storage
interval (NSTORE, NSTOMO), STREMR prints out condensed information
about the computed flow. The definitions for the printed symbols are:

PMAX = maximum pressure
PMIN = minimum pressure
FMAX = maximum Froude number
FMIN = minimum Froude number
UMAX = maximum x-velocity
UMIN = minimum x-velocity
VMAX = maximum y-velocity
VMIN = minimum y-velocity
VISMAX = maximum viscosity
VISMIN = minimum viscosity
PECMAX = maximum Peclet number (cell Reynolds number)
PECMIN = minimum Peclet number {cell Reynolds number)
TKEMAX = maximum turbulence energy
TKEMIN = minimum turbulence energy
EPSMAX = maximum turbulence dissipation rate
EPSMIN = minimum turbulence dissipation rate
SMAX = maximum stream function
SMIN = minimum stream function
DUAVE = average relative change in x-velocity
DVAVE = average relative change in y-velocity
DUMAX = maximum relative change in x-velocity
DVMAX = maximum relative change in y-velocity
EMAX = maximum relative flux imbalance
DTMAX = new value for maximum allowable time-step
DT = time-step previously used

The Peclet number (cell Reynolds number) is proportional to velocity and
streamwise cell length and inversely proportional to viscosity. For STREMR
calculations without the turbulence model activated, the user-specified viscosity
(amplified by AVIS) needs to be large enough to keep the Peclet number
smaller than 50 in flow regions with appreciable velocity gradients. Other-
wise, there may not be enough viscosity to prevent numerical instability. For
STREMR calulations wirth the turbulence model activated (default), the Peclet
number is not so important, because eddy viscosity is created in response to
the velocity gradients themselves. Nevertheless, extremely large values for
PECMAX (perhaps greater than 1000) just prior to instability may indicate a
need for more viscosity or a finer grid.

STREMR computes the stream function 1 only so that streamlines can be
plotted, and this operation is not part of the flow calculation itself. It is done
after the fact (when flow information is 1o be printed or stored) by numerical
integration of the spatial derivatives
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Y, = -hv @
\Vy = hu )]

Maximum and minimum values (SMAX and SMIN) are printed for 1 in the
condensed flow information. These are intended 1o guide the user in choosing
the range of 1 that is to be included in streamline plots.

Relative changes in the cell-centered velocity components are defined for a
given time-step by the relations

Arelative = e (6)
(2 42
Av
Avielative = lavi )
u2 ,y2

The printed values DUAVE and DVAVE are spatial averages of the relative
changes, and DUMAX and DVMAX are the largest values for the entire grid.

Conservation of mass demands that the net volumetric flux (outflow minus

inflow) be zero for every cell of the grid. Expressed in terms of the face-
centered fluxes (Figure 2) for any cell (ij), this means that

UGij) + V(i) - UGi-1,j) -~ V(ij-1) = 0 @)

To indicate the degree to which Equation 8 is not satisfied, STREMR uses the
relative flux imbalance E defined by

- 2|UG)) - UG-1) + Vi) - Vig-D)| o)
TG + T0G-TD] + VG + VG|

Thus, the relative flux imbalance for cell (i) is the absolute difference
between volumetric inflow and outflow, divided by the average of the two.

The maximum relative flux imbalance EMAX is the largest value of E for
the entire grid. It is an index for convergence of the pressure calculation, as
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well as for conservation of mass. Ordinarily EMAX should be less than
0.02, but values as high as 0.05 may be acceptable, especially for transient
flow. If EMAX consistently exceeds 0.1, the computed flow is no good; but if
EMAX eventually falls to 0.02 or less, then mass is adequately conserved for
most STREMR applications. EMAX can usually be reduced by increasing the
number of pressure iterations ITERS in namelist PARAM, and vice versa.

The significance of the other printed quantities should be self-evident, but
there is one more point worth mentioning. Due {0 an aiternating (directional)
bias in the MacCormack scheme for discretizing advective terms (Appendix F),
STREMR never converges (o a true steady state. Instead, it kovers about the
steady state. Thus, no matter how long the code runs, one or more grid cells
may exhibit small (but noticeable) changes in velocity. For this reason, the
velocity increments DUAVE, DVAVE, DUMAX, and DVMAX may be poor
indicators of the steady state. Better indicators are the velocity extremes
UMAX, VMAX, UMIN, and VMIN, as well as the stream-function extremes
SMAX and SMIN. The steady state is at hand when these quantities cease to
change, or when they change very little over several hundred time-steps.

Printed Maps of Flow Variables

At the end of each run for which MAPS = *YES’ in namelist PARAM,
STREMR prints maps of the computational () plane that show the locations
of the 