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Abstract

The radiant heat test facility develops test sets providing well-characterized thermal
environments, often representing fires. Many of the components and procedures have become
standardized to such an extent that the development of a specialized design tool to determine
optimal configurations for radiant heat experiments was appropriate. SPLASH (Single Panel
Lamp and Shroud Helper) is that tool. SPLASH is implemented as a user-friendly, Windows-
based program that allows a designer to describe a test setup in terms of parameters such as
number of lamps, power, position, and separation distance. This document is a user manual
for that software. Any incidental descriptions of theory are only for the purpose of defining
the model inputs. The theory for the underlying model is described in SAND2005-2947 (Ref.

[1]).
SPLASH provides a graphical user interface to define lamp panel and shroud designs

parametrically, solves the resulting radiation enclosure problem for up to 2500 surfaces, and
provides post-processing to facilitate understanding and documentation of analyzed designs.
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1 Introduction

1.1 Background

Sandia’s Radiant Heat Facility makes extensive use of high power lamps to generate fire-
simulating, controlled boundary conditions for thermally challenging tests. A particular panel
design (Ref. [2]), accommodates up to 63 lamps. A test configuration utilizing the panel is
shown in Figure 1. The panel can be configured with any subset of the lamp slots occupied to
tailor a desired heating effect. Since all of the lamps in a panel are energized by the same
electrical bus, each operates at the same power level. An inconel shroud is usually used
between the lamps and the test object. In these cases the goal is to provide a uniform (or least
well characterized) shroud temperature which is “seen” by the test object and understood by
modelers so that analysis methods can be developed and validated. The panel is versatile and
has been used at the facility in many different test configurations. In some large test
configurations it is necessary to utilize multiple panels. However, many experimental
arrangements are accommodated using a single panel. As many of the components and
implementation practices have become standardized, it was desirable and practical to develop
an easy-to-use model to approximately predict expected performance for proposed lamp and
shroud geometries. SPLASH (Single Panel Lamp and Shroud Helper) is the resultant model.

The SPLASH software is a Windows application with a Graphical User Interface (GUI).
SPLASH’s GUI provides error checking and contemporary GUI widgets to facilitate the
accurate and complete specification of component properties needed to define a lamp and
panel test set up. In addition to guiding model quantitative input, SPLASH renders graphical
views of the test setup and resulting predictions.



Shroud top

Lamp array

Insulation

Calorimeter

Shroud Bottom

Water—cooled
plate

Figure 1: Schematic views of a typical single panel lamp and shroud test set.

Figure 2 shows a schematic view describing differences between the actual hardware and the
geometry modeled in SPLASH for a system including a shroud. The left part of the figure is
representative of a section through the middle of the test set and perpendicular to the quartz
lamps (circular lamp cross-sections are shown). In actual systems the upper cooled plate is
the lamp panel. The lower cooled plate supporting insulation and the shroud may have a
circular or rectangular opening defining the hot spot that irradiates the test object.

The right hand side of Figure 2 shows the geometry idealizations that are accepted to facilitate
the model implementation. As shown, the lamps are replaced by flat strips in the same plane
as the bottom of the cooling plate. Also shown on the right hand side of Figure 2 are symbols
representing the most important physical properties of the system. T'(¢) represents a ramp-up-
and-hold temperature schedule that is a model input.
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Figure 2: SPLASH schematic representation.

1.2 How this Manual is Organized

This document describes use of the software. Readers interested in the underlying theory are
referred to SAND2005-2947 (Ref. [1]). SPLASH supports two primary modes of operation:
1) Shroud Mode; the nominal setup as shown in Figure 1 in which a defined series of lamps
illuminates the backside of a shroud and 2) Aperture Mode; which is a no-Shroud Mode of
operation. Many of the same features and model components are present in both modes.
Shroud Mode was the first development, is the richest in terms of required inputs, and the
default mode which is presumed to be SPLASH’s primary mode of use. The following
section follows through the use of SPLASH from problem specification to post-processing in
Shroud Mode. Section 3 parallels the next section describing differences in operation
associated with Aperture Mode.

While this is not a theory manual, in presenting the GUI controls, technical guidance that is
expected to be useful is presented in context as each user interface component is discussed.
Text in the SPLASH application is in the Arial Font. From this section forward this
document’s references to keywords found in the application are presented in bold Arial Font.

1.3 Installing and Starting SPLASH

SPLASH is simple in the sense of being part of a Windows-based computing platform. The
entire program is contained within the SPLASH . EXE file. No modifications are made to the
Windows registry. Installing is as simple as copying SPLASH . EXE to the computer.
Thereafter, the program can executed as any Windows executable.

11



2 SPLASH in Shroud Mode
2.1 SPLASH Overview, Shroud Mode

SPLASH provides a graphical user interface to facilitate the following activities:

e Case editing: Editable fields are the most common control and the means used to
communicate numerical values specifying the problem definition. Other controls that
provide discrete choices are sometimes used.

e Input screening: When edit fields are read by the program to determine problem
specification the associated values are screened in varying levels. When input is not
decipherable as a numerical value or the value is out of range, the problem is
identified for the user.

e Numerical solution: When a suitable problem specification exists, the code will
render numerical solutions. Solution progress is monitored and the process can be
interrupted by the user.

e Post-processing and documentation: SPLASH integrates graphical interpretation of
the system specified and resulting temperature distributions. Text output is also
available. Case files can be saved, reloaded and edited to facilitate project
development.

SPLASH was programmed in the DELPHI programming language (Ref. [3]) which provides
a range of GUI components familiar to Windows users. The application is a single document
interface—it always runs within a single window. It is probably possible to crash SPLASH,
but the code is fairly robust. since it does a fair amount input screening.

Figure 3 shows SPLASH’s opening screen. Seven main level tabs are presented which are
labeled Geometry, Temps/Props, Text Output, Visualizer, Plot, Notes, and About. These
tabs are ordered logically so that an analysis might be accomplished by working through the
tabs from left to right. Generally, these tabs expose controls appropriate to their
corresponding activities.

The following subsections describe the features and use of each of the main tabs, in order, for
use in Shroud Mode. The next major section of this manual includes parallel sub-sections
addressing differences that occur when operating in Aperture Mode.

One control to be discussed before describing the tabs is the File menu. The File menu
presents familiar Open and Save options. The File menu is accessible with any of the tabs
active. Executing File|Save provides a Windows-familiar SaveAs dialogue and writes the
current state of all editable SPLASH controls to a file. This includes the property of page
control, indicating which page is currently active. That is, if File|Save is executed from the
About tab, File|Opening that same file will populate all of the editable features and open
SPLASH to the About tab. SPLASH files have a SPL extension by default but this can be
overridden by explicitly typing another extension. The file’s content is a superset of the
necessary content for either Shroud Mode or Aperture Mode. Calculated results are not
saved in this manner but may be recalculated from the documented state of SPLASH.

12
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Figure 3: SPLASH’s opening view (Geometry tab).

2.2 Geometry

The Geometry tab panel is shown for SHROUD MODE in Figure 3. Regions of that input
screen are discussed in the following minor sections. All of the dimensions specified on the
Geometry tab are in inches. The calculated quantities reported later will be in SI units.

These mixed units are purposefully retained as the units most prevalent in the activities of test
set up (inches) and subsequent analyses (SI). After these inputs are described the behaviors of
the panel’s buttons and resulting graphics are discussed. Figure 4 is a composite sketch
produced by choosing elements of the Geometry tab schematics for rectangular and circular
shroud geometries. Several key features are labeled for reference in the following
descriptions.
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Lamp Level

Shroud Level

Numbered lamp positions

Lamp segment

Panel segment
between lamps

Panel overlap modeled

Rectangular shroud

Side View

Lamp Level

Shroud Level

Shroud as divided
for analysis (blue)

(0.0)

Insulation as divided
for analysis (green)

Circular shroud

Figure 4: Embellished composite sketch produced on Geometry tab.

2.2.1 Mode selection

Ei h fil] ljj |"| (0] |Zj =]

Aperfure Mode

2.2.2 Shroud
Shroud

Rectangle ‘Circle ]

Lendgth
Width
Thick,

01z

CellSize

The mode selection combination box defaults to

Shroud Mode. Mode selection should be the first
choice made for a new case because it modifies the

GUI to solicit subsequent inputs for the mode of

analysis chosen. For example, on the Geometry tab
the field for shroud thickness disappears if Aperture
Mode has been selected.

The Shroud group includes a tab control to choose
whether the shroud is rectangular or circular. At left

the rectangular tab is active. There are six
dimensions associated which correspond to the

length, width, and thickness of the shroud; the x-
and y-coordinates of the bottom left corner of the

shroud relative to (0,0) which is the bottom left

corner of the lamp panel (as presented in plan view);

and a cell size. The cell size is the maximum

dimension allowed for the sub-elements that will
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represent the shroud in the analysis. In Figure 4, the grid for the shroud interior is chosen with
the smallest number of cells in each direction that result in cells not larger than the
specification on this panel. SPLASH requires that the shroud be at least large enough to
wholly cover the hole specified for the insulation. The shroud is always centered over that
hole and the analysis defines elements in both the shroud and the insulation in the overlapping
area. Consequently, regardless the value of cell size, there is always at least one row of
elements around the perimeter of the shroud representing this area. In Figure 4 this row
(and/or column) of elements is apparent as high aspect ratio elements around the rectangular
shroud perimeter.

shroud At left the Shroud group is shown with the Circular

Rectangle Circle shroud selected. There are five dimensions
associated which correspond to the diameter and

thickness of the shroud; the x- and y-coordinates of

Diarm |6 e 5 the center of the shroud relative to (0,0) which is the
R S bottom left corner of the lamp panel; and a cell-size.
Thick 012 YCen 22 The circular shroud is always gridded with a round

element in its center. The number of radial and
azimuthal divisions are chosen to avoid exceeding
the cell size limit. As with the rectangular
geometry, the shroud is centered over the hole through the insulation and there is always at
least one ring of elements around the perimeter of the shroud that describe the area of shroud
and insulation overlap.

Cellsize

J—

2.2.3 Insulation
Insulation The Insulation group shown at left corresponds to

P — the rectangular geometry. There are eight
Length {20 X0Ins . dimensions associated which correspond to the
Width T Yolns T length, width, and thickness of the insulation; the
x- and y-coordinates of the bottom left corner of
LHale 15 Thick 012 the insulation relative to (0,0), which is the bottom
left corner of the lamp panel; a cell-size; and the
WHole |8 CellSize |2 length and width of the rectangular hole centered

under the shroud. The cell size is the maximum

dimension allowed for the sub-elements that will
represent the insulation in the analysis. As discussed in the shroud geometry, at least one row
of elements around the perimeter of the shroud describes the area where the shroud and
insulation overlap.

Irsulation The Insulation group shown at left corresponds to
I I the circular geometry. There are seven dimensions
Length (20 A0Ins ¥ associated which correspond to the length, width,

. — — and thickness of the insulation; the x- and y-
Width |1 Y0Ins 13 coordinates of the bottom left corner of they
DHole B Thick 017 insulation relative to (0,0), which is the bottom left

corner of the lamp panel; a cell size; and the
CallSize |2 diameter of the circular hole centered under the
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shroud. The cell size is the maximum dimension allowed for the sub-elements that will
represent the insulation in the analysis. As discussed in the shroud geometry, at least one ring
of elements around the perimeter of the shroud describes the area where the shroud and
insulation overlap.

2.2.4 Panel

Panel The Panel group is independent of the shroud

— — geometry choices. There are eight dimensions and a

Length |46 Dlamp |0, specification for the number of elements into which

width 10 dvlamp [0, the panel w.idth will be divided. Default values of
Length, Width, dYlamp and Lamp0 reflect the

hLamps |2 Lampd panel design described in Ref. [2] and commonly

M3 B Masd Y

[0

-
[0

.
oo

3 used at the Radiant Heat Facility, although panels of

other dimensions can be considered. dYlamp is the
5 pitch between available lamp sites (labeled P on the
right side of Figure 2) and Lamp0 is the
displacement from the plan-view-bottom of the
panel to the first lamp site. Dlamp is the width of the strip used in the idealized
representation of a lamp (labeled dw on the right side of Figure 2). Only the lamp
temperatures (which are generally not of interest) are sensitive to the choice of Dlamp—the
default of 0.2” is appropriate. hLamps (labeled h Figure 4 in the side view) is the distance
between the plane of the lamp strips and the top of the shroud.

Fanel overlap modeled

Nx is the number of width-wise divisions used to model the panel—the value of 5 shown is
consistent with geometries depicted in Figure 4. MaxdyY is the allowable panel interval for
cells between lamps or in the modeled portion of the panel extending beyond the lamps. For
example, if MaxdY=3 inches and some intervals between populated lamp sites are greater
than 3 inches, those intervals will be divided until this dimension is not exceeded. It has the
same function as cell size for shroud or insulation, but cell size is not used on the panel
because relatively long and narrow cells may be acceptable on this surface.

Panel Overlap Modeled is the panel distance included in the SPLASH model beyond the
populated lamp sites on either end (provided such space exists). In Figure 4, this is shown as 5
inches while MaxdY=3 inches. Consequently, two rows of panel elements are added to the
model on each end of the lamped region. In Figure 4, the regions specified by this parameter
have been shaded gray.

2.2.5 Lamp Editor

Lamp Editor The lamp editor, shown left, is used to add
_ Aoy | Lo [tz _add I Remove| | o delete lamps from the system. The
editor consists of a pull-down menu, 3
P editable integers and three buttons. The
Add all pull-down menu choices are exposed at
Femove 2l left. The first four choices are uniform
lamp densities to be applied over the
interval specified in the first two edit boxes. After one of these lamp densities is chosen and
the interval is specified, pressing the Apply button will populate the specified interval of lamp

Every 3rd lamp
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positions accordingly. The last two choices Add all and Remove all apply to the entire panel
(without regard to what is in the range boxes). The action is not performed until the Apply
button is pressed.

The Add and Remove buttons operate on the single position specified in the edit box located
between these two buttons. This feature can be used adjust lamping that does not conform to
one of the uniform density rules.

2.2.6 Draw Button Interactions

Oraw NEEDED

A large button resides on the Geometry tab in the lower left corner. When the program is
started or a case is loaded it appears with the label Draw NEEDED (as shown above). Pressing
this button results in:

e Parsing of all the input fields on the left of the tab (everything but the lamp editor).

e Verification of inputs; for example, a shroud must be large enough to cover the hole
in the insulation and at least one lamp must be in the system.

e A schematic rendering of the current system specification.

e Enabling of the view factor calculation button on the Temps/Props tab.

Figure 5 is an example of an error dialogue created by entering an invalid value for shroud
thickness. All edit fields that are used to input real values have this sort of check performed at
the point that the parsing occurs. On the Geometry tab parsing occurs when Draw NEEDED
is pressed.

Shroud thickness must be bebween 5,00000000000000E-0002 and 2, 0000000000000 -+0000

Figure 5: Error dialogue generated by bad shroud thickness input.

Beyond qualifying the individual fields to required ranges in the manner of Figure 5, SPLASH
performs some additional tests on geometry. By rule, the shroud is always centered over the
hole specified in the insulation group. The right, top, left, and bottom limits of the shroud
must lie within the horizontal extent of the insulation. If one of these rules is violated,
SPLASH generates a dialogue similar to that shown in Figure 6.

17



Shroud Sticking ouk at botkarn

Figure 6: Error dialogue generated by non-conforming geometry.

If there are no problems with the input parsing or the Geometry specification the label on the
button will change to “Drawing Up-to-date.”

Drawing Lp-to-date

If numbers affecting the Geometry are edited on the Geometry tab the button reverts to the
“Draw NEEDED” label and view factor calculation button on the Temps/Props Tab is
disabled until this button is pressed again.

The foregoing behavior is logical because only changes in Geometry on this screen result in
the need for view factor recalculation. Figure 4 includes (embellished) examples of the
schematics drawn by use of the Draw Button. The drawing includes plan views at the lamp
and shroud levels and a side view. The lamp level has numbered lamp slots so that it is easy
to see which specific lamps are present in the system.

A checkbox at the very bottom of the screen appears as follows:

v Show lamps ower shroud. (Dimensions are in inches.)

When this box is checked the lamps are superimposed on top of the shroud level plan view.
This can be convenient for seeing the relative horizontal displacement between lamps and the
shroud and insulation. It is also convenient to choose not to display the lamps when studying
the gridding of the shroud and insulation. Consequently, this feature is controllable. In Figure
4, the left part of the figure shows the lamps on the shroud level and the right part of the
figure illustrates the option of leaving them off.

2.2.7 Save Image / Clip Board Buttons

These buttons are enabled only when the drawing is up to date. Pressing
Save Image Save Image presents a standard Windows SaveAs dialogue box to the
: user. Upon definition of a file name and completion of that dialogue,
Clip Board the current image in the drawing space is saved to the file in bitmap

format. The Clip Board button results in the current image being placed
in the Windows clipboard. This button is the most convenient way to get an image from
SPLASH into any other Windows application that can accept the pasting of an image from the
clipboard.

2.3 Temps/Props

The Temps/Props tab is the second tab and is shown in Figure 7. Regions of that input screen
include thermal properties, control properties, and numerical computation parameters. These
are discussed in the following minor sections. The thermal properties on this screen are all in
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ST units (W,J,s,K,kg,m). Computation of view factors and system analyses are initiated on
this panel. After these inputs are discussed the behaviors of the panel’s buttons are discussed.

SPLASH (Single Panel Lamp and Shroud Helper) NoName EJ@[X|

E

ile

Geometry Temps/Props ]Te}d Ou’rpuT] \fisualizerl Flat ] Notes ]AbouT ]

[ 1 | Humerics | [Br27/2006 10:33:08 AM, NoName
Lamp € ] SOR Itarations ]500 The systern has 406 surfaces
Panel € 02 Total power = 59 BKW

— i 05 =
Panel Temperature (K] 300 el RosERper L= Bl

L SCR Convergence 1

[Shroud Time periterate (s}  [0.15
Top € 0.82

— Heater Tolerance 10
Bottom € 0a2 |
Thermal Cond. (W) 12 ~Contral i
Specific heat {(J/kg/K) 410 Set Point (K] 1300
Diensity [kag/m™3) 8250 Time of Arrival (s) 100

e ) b aximurm time {s) 300
€ 06 Lamp Power (ki ea) |6
Thermal Cond. (Win/K) 0.11 ¥ Powerresettime  |200

Specific heat (Jkg/k) 1000 |deal v]
Dlon=t (kaimis) 26 plor oo nlo.o1

Substrate ternperature 300
? Timesteps / PID Sample ]3 =
' . v Use delayed backside termp
Ervironment 7L Calculate [F]
Temperature (K} ]300 Current Time= 300.0, Current Control Temp = 1298/ 1300
Trms= 00, Qtotal= 696 Salve Problem
Recent average Heater Power= 5.0 kW/lamp Abort Run

Figure 7: SPLASH’s Temps/Prop tab.
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2.3.1 Thermal Properties

Groups corresponding to the panel, shroud, insulation and the environment form a left-hand
column on the Temps/Props tab.

Fanel The panel group has emissivities associated
Lamp € 1 with the lamps and with the material between
lamps. The Panel Temperature is specified
Panel € 0.2 for the material between the lamps. The panel
Panel Temperature (K) 300 emissivity represents the shiny aluminum

construction of Ref. [2] and should generally be
a lower value like its default of 0.2. The lamp

emissivity defaults to 1.0. Only the lamp temperatures should be sensitive to this choice and
will little effect on temperatures and flux distributions on the shroud.

Shroud The shroud has distinct emissivities for the top
Tap & 0&2 and the bottom. Thermal conductivity, specific

op : heat, and density of the shroud are also specified
Bottomn € 082 in this group and the defaults correspond to
Thermal Cond. (wim/K) — [12 inconel.
Specific heat (J/kg/k) 410
Density (kg/m™3) 5250
Insulation Insulation emissivity, thermal conductivity,
c 06 specific heat, and density are specified in the

— next group. The defaults correspond to an
Thermal Cond. (wim/k) 0.11 insulation that was in use at the radiant heat
Specific heat ([ ,n'kg,-'}{) 1000 facility at the time SPLASH was developed.
_ . — (The constant property assumption in the model

Density (kg/m™3] 96 is probably particularly poor for the insulation
Substrate temperature 300 but unimportant so long as an insulation layer is

Environment
Temperature (K]

present and of very much greater thermal
impedance than the shroud.)

Finally, a background temperature for the
environment (which is uniform and temporally
constant in the analysis) is specified.
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2.3.2 Numerics

NUerics There are five user-defined parameters that affect
the solution numerics. The Successive Over
SOR terations S Relaxation (SOR) method is used to find the surface
: radiosities for the enclosure analysis. For most
SOR Relaxation U5 reasonable problem definitions tl}lle SOR method
SOR Conwvergence 1 converges rapidly and the default values of these
parameters will be sufficient. SOR Iterations
Time per iterate (s) 075 defines how many loops through the method will be
— attempted. If convergence is not achieved within
Heater Tolerance 10 this limit the program is interrupted and the user is

presented with the following dialogue:

SOR, Failed ko Find R adiosiky

Figure 8: SOR convergence failure dialogue.

Merely increasing the number of iterations is not likely to help if this dialogue has been
received. The second SOR-related parameter, SOR relaxation, sets how aggressively the
solution is pursued. The relaxation factor must be greater than zero and less than two. Very
small values (like 0.001, not at all aggressive) may nurse a solution out of a difficult problem,
but it is highly unlikely that a very small value is required with systems that are well-suited
for analysis with SPLASH. The default value of SOR Relaxation =0.5 should usually be
acceptable. For a well-behaved system a value larger than one may succeed. If a system
known to be of good behavior is analyzed repeatedly, the user may save time by setting
somewhat more aggressive SOR parameters, but generally the defaults should serve.

The last parameter SOR Convergence sets how precise a solution must be to be accepted.
The default of 1 is quite tight in that it is a measure of radiosity error and typical values of
radiosity are 10 to 100 thousand.

Time per iterate is a value that the user is fairly likely to need to adjust. The transient
solution is advanced using simple forward difference approximation for the time derivative of
the system temperatures that vary. Too large a time step is certain to yield numerical
instability. Generally, if the Use Delayed Backside Temperature option (to be discussed
further shortly) is not selected, time steps smaller than about 1 second will result in
convergence. (It appears that small time steps, ~0.1s, are needed to succeed at modeling
control of the heater.) Physically small features limit the time step so that finer grids or
thinner layers (insulation and/or shroud) can require a reduction of the time step taken. The
most probable ill effect of using too large a time step is numerical instability that will lead to a
step at which the SOR will no longer converge and the user is presented the dialogue of Figure
8. When the Use Delayed Backside Temperature is elected it is very probable that the
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time-step-limiting feature of the model is associated with the short length scale between zones
placed across the shroud thickness. Consequently, the user receives more specific counsel on
time step when the delay is selected. For example, for the default shroud (1/8"-inch inconel),
if the delay is checked and an arbitrarily large time step has been specified, the following
dialogue will be generated:

Figure 9: Time step too big dialogue.
SPLASH will not allow the user to continue until a complying time step is specified.

The only practical downside to using arbitrarily small time steps is that it will take longer to
run the calculation. In the Control Properties, to be discussed next, an option exists to
specify an integer number of analysis time steps between control algorithm time samples.
The time step must be coordinated with that choice to achieve a specific, fixed sampling
period in the numerical modeling of the control.

Finally, Heater Tolerance specifies how well the heat flux distribution in the lamps must
match the uniform distribution of power that is assumed. As with the SOR Convergence, this
quantity is the measure of a number that is large (about an order of magnitude larger than
most of the radiosities in the system). Hence the default value will generally be demanding
enough. Lowering this quantity requires tighter numerical convergence.

2.3.3 Control Properties

Control The control group consists of eight editable fields, a
Set Point (K) 1500 pull-down menu, a spin edit field, and two check
— boxes. The first edit box is the control Set Point
Time of Arrival (s) 100 temperature. This temperature is the desired
: : v temperature at the shroud bottom center location.
Maedrum time (s) 500 The system always starts at the environment
Larmp Power (K ea) |6 temperature (described earlier) and seeks to ramp the
— shroud up to the set point temperature at the Time of
v Powerresettime 200 Arrival which is specified in the second edit box.
After that time, power is adjusted with the goal of
||dea| j holding the temperature at the set point with analysis

ending at Maximum Time, the third edit box of this
group. If the Power reset time is used, it should be
, " set to a value between Time of Arrival and
Timesteps / PID Sample |3 % Maximum Time. The Power reset time is a time at
which the modeling of the control system is taken
v se delayved backside temp out of SPLASH’s model and a constant power level
is imposed for the lamps. The power level used is

P jo1 1100 D001
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the average power level for the last 100 time steps taken (this imposes a further requirement
that the reset time generally not be too close to the time of arrival).

Figure 10 is graph that is produced on the Plot tab which will be discussed later. It is
embellished with labels identified in the control group. For this particular case the control
parameters have led a to a fairly smooth temperature history. Immediately after the time of

arrival a little oscillation is present as the heater power fluctuates (this can be much more
pronounced for other conditions).

Control Point Temperature vs. Time
Ideal, P=0.10, [=100.0, D=0.01

2000

-Time iof arrfvia!, 1 OOs

Temperature (K)

0 100 200 300 400
Time (seconds)

Figure 10: Temperature vs. time plot illustrating control constants.

The fourth edit box sets Lamp Power, which imposes a maximum power dissipation for each
lamp in the system. If a model has been assembled for which the maximum power is not

sufficient, the heaters will be maintained at this power, and the set point temperature will not
be reached.

The pull-down menu in the controls group allows the user to select
Ideal, Parallel, or Series PID control algorithms. Editable fields allow
the setting of the proportional, integral, and differential multipliers used

Farallel in the control. P needs to be greater than zero or no power is indicated.
oeries The control algorithms implemented in SPLASH (Ref. [4]) are:
Ideal: F = P{e(t) <L [etyds +D de(t)} 1)
1 d.
Parallel: 7 = Pe(t) + - [eydr+ D=2 de(t) @)
1 dt
Series:  F = P{e(t) + %je(t)dt}{l +D dz(t )} 3)

where F is the fraction of power output (0 < F <1) and e(?) is the amount by which the
desired temperature exceeds the system temperature at the control point (always the middle,
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bottom of the shroud). e(¢)is filtered as described in Ref. [1]. Notice that the integral term is
multiplied by the proportional constant in the ldeal and Series algorithms.

The spin edit field of this group sets a whole number multiple of simulation steps between
control sample steps. If a specific control sampling interval is to be simulated, the product of
this setting and the Time per Iterate must equal that interval.

The Use delayed backside temp checkbox causes the model to invoke an approximate
model to resolve the temperature distribution through the thickness of the shroud. As
discussed earlier use of this feature will constrain the timestep that can be taken.

Figure 11 shows curves generated on the Plot Tab that illustrate contributions of the individual
terms on the RHS of Eq. (1, 2, or 3). The two plots compare the effect of using the delayed
backside temperature feature for the default SPLASH case. The top left and top right plots
are for a case not selecting Use delayed backside temp while the bottom plots show the
effect of using the delay on this same case. For this case it appears that the delay is not
beneficial.

Power (kW) vs. Time Confroller Action vs. Time
Ideal, P=0.100, I=100.00, D=0.010 Ideal, P=0.100. =100.00, D=0.010 P1.D, are Red Blue Green: Total=Yellow
o Backside not delayed, imestep=0 104, Sample fime=) 300

Power(kiW]

0! 0!
i e i e
Pawer (KW) vs. Time Confraller Action vs. Time

Ideal. P=0.100, 1=100.00, D=0.010 Ideal, P=0.100. 1=100.00. D=0.010 P, 0. are Red Blue Green: Total=Yellow
g fe.fimestep=0100. Sampl tme=0 300

Jelaped badkade, timestap=0.100. Sary

Powenk)

Figure 11: PID Controller Action and Power Plots.
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2.3.4 Calculate [F]

The Calculate [F] button is pressed to compute the system’s view
Calculate [F] factors. This button is disabled until the Draw System button has

been used on the Geometry tab. The view factors of the system
depend only on contents on the Geometry tab. Consequently, when the Geometry is
satisfactory this calculation can be completed and need not be repeated until the Geometry
has been edited. For rectangular shroud Geometry, all of the view factors are calculated from
closed form expressions so the delay to complete this calculation is small even when there are
a large number of surfaces. For circular shroud geometries some of the view factors require
numerical integration and the delay associated with completing the Calculate [F] function
may be several seconds (depending upon the size of the problem and the speed of the
computer).

2.3.5 Solve Problem / Abort Run

The Solve Problem button initiates the transient calculation. The
Abort Run button interupts the solution process. These buttons are
enabled and disabled appropriately so that they are available only

Solve Problem

ALDCIT AL when applicable. During the solution process, three labels left of
these buttons are continuously updated to give progress
information.
Current Time= 300.0, Current Control Temp = 1298/ 1300  The first of these
Trms= 0.0, Qtota= 596 lines gives the
current time
Fecent average Heater Fower= b0 kMilamp (counting up in

seconds) and the
current calculated value and scheduled value for the control temperature. The Trms field on
the second line indicates rms temperature change at each time step (every transient
temperature in the system being equally weighted). For late time, particularly if the power
level has been set to a constant value, Trms will fall steadily to (or near) zero as the steady
operating condition is found. Qtotal is the current total lamp power (kW) in the system.
Depending on the stability of the control scheme, this quantity may move steadily or
erratically. Generally, the power “rings” wildly to start up the ramp, then settles into a
consistent growth as the required power grows with increasing system temperature.

Recent average Heater Power indicates per lamp power level. This quantity is the average
of the power levels for the most recent 100 time steps. Consequently, this line does not show
up until 100 time steps into the solution. If an adequate interval is provided between Power
reset time and Maximum time (and the power reset feature is used) the Recent average
Heater Power will always settle to a constant value to allow a steady condition to be found.

Finally, the Temps/Props tab has a text box. At the conclusion of a run (simulation time
reaches Maximum Time) a brief summary is written including a timestamp corresponding to
the initiation of the analysis, the file name (or “NoName” if not yet assigned), surface count,
total lamp power at the end of the analysis, and power per lamp. Information can be
highlighted and copied (control-C) to be pasted (control-V) into other Windows applications.
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2.4 Text Output

Figure 12 shows SPLASH with the Text Output tab selected following the completion of an
analysis. The Text Output tab hosts a set of three sub-tabs each of which contains a text box.
At the initiation of an analysis these text boxes are cleared and the timestamp is written to the
first line. On completion of an analysis, information documenting the final state of the
enclosure system is written to the first two sub-tabs. Those tabs are labeled Shroud
Temperatures and All Temperatures. Output to these text boxes is not written to an output
file by SPLASH. However, if these details are of interest to the analyst they can be selected
and copied to other Windows applications.

Shroud Temperatures will contain a line for each area element in the shroud giving
SPLASH’s ID number and material type for the element, x- and y-coordinates of the element,
the temperature on the top side of the shroud, the local radiation flux (from the enclosure
calculation), and the bottom temperature of the shroud.

All Temperatures will contain a line for each area element in the enclosure analysis,
including the shroud locations on the previous tab. Each line gives SPLASH’s ID number
and material type for the element, x- and y-coordinates of the element, the temperature of the
enclosing surface, and the local radiation flux (from the enclosure calculation). For the
insulation and shroud the flux given is approximately that corresponding to the temperature
drop through the material thickness times the constant thermal conductivity divided by
thickness. It is not identically so because of lateral conduction in these materials. The
material type is one of Lamp, Panel, Shroud, Frame, or Insul. The Lamp elements will
have the highest temperatures and large negative values for heat flux. The Panel
temperatures are the specified value and the fluxes will be positive. The Shroud
temperatures are generally the objective of the calculation and should be around the specified
end temperature. Frame temperatures correspond to the top side of the shroud at locations
where it overlaps insulation. Frame temperatures are usually hotter than Shroud neighbors,
but for thin insulation the effect should be reversed. Insul temperatures near the shroud
should generally be hotter than the shroud.
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PLASH (Single Panel Lamp and Shroud Helper) MoMName

Eile:
Geometry | Temps/Props  Text OUTpUTI\flsuallzerl Flot | Notes ]AbouT |
- Shroud Temperatures | All Temperatures | iew Plane Fiu|

214 Shroud = 169p= 201B6top Temp= 1271.8 gflux= 113694 Bottom Temp= 1241.7 ~
215 Shroud »= 258 p= 2016top Temp= 1294.1 gflux= 130461 Bottom Temp= 12595
216 Shroud ¥= 347p= 2016top Temp= 1313.8 gflux= 133060 Bottom Temp= 1277.0
217 Shroud x= 4.36yp= 2016top Temp= 1324.4 gflux= 143573 Bottom Temp= 1286.4
218 Shroud = 525p= 2016top Temp= 1326.2 gflux= 144355 Bottom Temp= 12880
2195hroud »= B14p= 2016top Temp= 1319.4 gflux= 141443 Battom Temp= 1281.9
220 Shroud w= 7.03p= 20.716top Temp= 1303.4 oflux= 124781 Bottom Temp= 1267.7
221 Shroud #= 7.92p= 2016top Temp= 1277.8 gflux= 124052 Bottom Temp= 1245.0
222 Shroud x= 8.81yp= 2016top Temp= 12451 gflux= 105645 Bottom Temp= 1221.2
2258 Shroud = 1.69p= 21.09top Temp= 1278.9 gflux= 116216 Battom Temp= 12481
226 Shroud »= 258yp= 21.09top Temp= 1301.3 gflux= 133324 Battom Temp= 1266.0
227 Shroud w= 347p= 21.09top Temp= 1321.0 oflu= 142105 Bottom Temp= 12834
228 Shroud x= 4.36p= 21.09top Temp= 1331.7 gflux= 146719 Bottom Temp= 12929
229 Shioud = 525p= 21.09top Temp= 13336 gflux= 147520 Bottom Temp= 12345
230 5Shroud »= B14p= 21.09top Temp= 1326.7 gflux= 144546 Bottom Temp= 1288.4
23 Shroud »= 7.03p= 21.09top Temp= 13106 gflux= 137729 Bottom Temp= 1274.2
232 Shroud ¥= 7.92p= 21.09top Temp= 12849 oflux= 126776 Bottom Temp= 1251.4
233 Shroud ¥= 8.81p= 21.09top Temp= 1256.1 gflux= 107398 Bottom Temp= 12275
236 Shroud »= 1.69p= 2203 tap Temp= 1283.0 gflux= 117733 Battom Temp= 1251.9
237 Shroud »= 258p= 2203 top Temp= 13055 gflux= 135043 Battom Temp= 1269.8
238 Shroud x= 3.47p= 2203 top Temp= 1325.4 oflux= 143933 Bottom Temp= 1287.3
239 Shroud ¥= 4.36p= 2203top Temp= 13361 gflux= 148607 Bottom Temp= 1296.7
240 Shroud x= 5.28yp= 2203 top Temp= 13379 dflux= 143418 Bottom Temp= 1298 4<-----Control Point
241 Shroud »= B14p= 2203 top Temp= 1331.0 gflux= 146405 Bottom Temp= 12923
242 Shroud »= 703p= 2203 top Temp= 1314.9 gflux= 139493 Battom Temp= 1278.0
243 Shroud ¥= 7.92p= 2203 top Temp= 128971 oflux= 128413 Bottom Temp= 12551
244 Shroud #= 8.81p= 2203 top Temp= 1260.3 gflux= 109417 Bottom Temp= 1231.3
247 Shioud »= 169p= 2297 top Temp= 1284.8 gflux= 118380 Bottom Temp= 12535
248 Shroud »= 258p= 2297 top Temp= 1307.3 gflux= 135775 Bottom Temp= 1271.4
249 5hroud »= 347 p= 2297 top Temp= 1327.2 gflux= 144711 Bottom Temp= 12889
260 Shroud ¥= 4.36p= 2297 top Temp= 13379 gflux= 143411 Bottom Temp= 12984
261 Shroud #= B5.28p= 2297 top Temp= 1339.7 gflusx= 150226 Bottom Temp= 1300.0
252 Shroud = B1d4p= 2297 tap Temp= 13328 gflux= 147196 Bottom Temp= 12939
253 Shroud »= F03p= 2297 top Temp= 1316.7 gflux= 140253 Bottom Temp= 12795
254 Shroud w= 7.92p= 2297 top Temp= 12909 oflux= 129170 Bottom Temp= 1256.7
285 Shroud w= 881 p= 2297 top Temp= 1262.0 gflux= 110022 Bottom Temp= 12329
208 Shroud x= 1.69p= 2391 top Temp= 1284.4 gflux== 118210 Bottom Temp= 12531
259 Shroud »= 258p= 2391 top Temp= 1306.8 gflux= 135584 Bottom Temp= 1271.0
260 Shroud »= 347 p= 2391 top Temp= 1326.7 gflux= 144503 Bottom Temp= 12885
261 Shroud x= 4.3Bp= 2391 top Temp= 13374 oflux= 1439203 Bottom Temp= 1298.0
262 Shroud #= 5.28p= 2391 top Temp= 1339.3 gflux= 150018 Bottom Temp= 12396 a

Figure 12: SPLASH’s Text Output tab.

While the first two tabs are populated with information on the end enclosure state at the
conclusion of the calculation, the last tab, View Plane Flux, will not contain information until
that calculation has been initiated on the Visualizer tab which is discussed in the next section.
Information in the text boxs can be highlighted and copied (control-C) to be pasted (control-
V) into other Windows applications.

2.5 Visualizer

2.5.1 Vizualizer Overview

The Visualizer tab provides numerous graphical post-processing views of the end state of the
system. Figure 13 shows SPLASH with the Visualizer tab exposed and presenting a
representation of the enclosure analysis temperatures. The features of this tab are only
available in post-processing. That is, because the available views all represent system end-
states, the transient analysis must be completed before rendering these views.
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£ SPLASH (Single Panel Lamp and Shroud Helper) NoName

Eile:
Geometry | TempsiProps | Text Qutput VISUEllIZOr]PIoT ]Notes ]Abou*r]

Temperatures of whale system (C) Choose Image From Drop Down

54312005 1 2:46: 28 PM, NoName %7 | 5|55 | 1?35 ‘ nlam | 21|45 | 2??4 |Who|e Systemn T () j - Generate View |
Shioudis 8517 % 0,125 F Plot Stroud Support Edge
Shroud emissivity (top/bottor)= 0.82/0.82 M Yerbose labeling
Insulation iz 10x 20« 0.12 3 Legend Scale
12 Lamps, separated 5 in. -
rLegend Limits

Max Temp=2672.9, Min Temp= 26.9, Avg Temp=557.92 9 I ] 30

* Max/Min

" Specify

Color Scheme Delphi BGYR  ~

Target Wiew Plane

Cold Plate Thickness (in ) ]T

Distance under shroud {in.) ,8—

Cell Size (in) i
|Ho|e's Extent j

W Project aperture

Save Image ‘ Clip Board ‘

Results are current

Figure 13: SPLASH’s Visualizer tab.

2.5.2 Whole System View

The graphic at left is an image of
_ the upper right corner of the

Generate View |  visualizer tab. The pull-down
menu presents the user a list of
choices which are the available graphical views. The selected view is generated when the
user has completed any other pertinent choices and presses the Generate View button. The
Whole System T (C) choice is shown highlighted and the result is consistent with that shown
in Figure 13. The color graphics of this view consist of a temperature legend and schematics
of both the lamp level and the shroud/insulation level. Text output upon the view consists of
an identifying label (Temperatures of the whole system (C)) , the time stamp, and
summary information including shroud dimensions, insulation dimensions, lamp count, and
max and min temperatures.

Choose Image From Drop Down
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2.5.3 View Selector and Common Controls

The graphic at left shows all of the choices available in the
view selector pull-down menu. Temperature distributions
il ) can be plotted for the whole system, as already discussed;

Top Shroud T(C) and for the top of the shroud and the bottom of the shroud.

Top Shroud T-Teontrol (C) Flux distributions are available to show the net radiation
Bottom Shroud T-Tcontrol {C]  flux to the shroud and the irradiance on a plane defined
Bottom Shroud T (C) beneath the shroud. Each of these views will be discussed
Shroud Radiation Heat Flux | below. First, however, other controls on the Visualizer
View Plane Incident Flus tab will be described here because their influence is often

common to several of these available views.

v Plot Shroud Support Bdge 1y checkboxes are positioned immediately beneath the
¥ “erbose labeling view selector. Plot Shroud Edge applies to the top
shroud views. Ifit is selected the whole shroud is shown

in the graphic. If it is not selected only the shroud over top of the whole through the
insulation is shown. Depending upon the geometry and system setup, the Frame of material
that is backed by insulation beneath it may be appreciably hotter than the rest of the shroud.
In that case, it can be useful to leave this material out of the view so that the temperature
legend represents only the temperatures of the portion of the shroud lined up with the hole
through the insulation, which will usually be of primary interest.

The second checkbox, Verbose labeling, determines how much text output is placed on the
graphic. Ifit is not selected the text output is minimal. An optional line of text entered into
an edit box on the Notes tab (to be discussed later, see Figure 15) is always presented on the

plot if it has been defined (irrespective of Verbose labeling selection).

Legend Scale The next group controls the
extent of the legend. By default,

Legend I__|m|’r5 when a view is rendered, the
& MaxiMin information is scanned for its
© Specify minimum and maximum values

and these are used to define the

range of the legend. This

behavior maximizes the use of
color resolution to describe the current field of values but leads to odd and varying bounding
values. Ifthe user wishes to control the legend, the Specify option is chosen and the Min and
Max values are entered. This feature is desirable when the range of presented values is known
and it is particularly helpful if graphics from multiple systems are to be compared.

Following the legend control is a pull-down menu that allows the user to choose the color
scheme used for color graphics rendering. Four choices are available and their names and
examples of their resulting color schemes are presented in Figure 14.
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Figure 14: SPLASH’s color schemes.

[}

The next group of controls, Target View Plane, only pertains to the View Plane Incident
Flux viewing mode, so its use will be discussed shortly along with the view it helps to
generate.

The bottom right
corner of the tab
includes a label
(showing Results are current above and in Figure 13) and two buttons. The label informs
the user if analysis results have changed since the view was last rendered, in which case that
label reads Results not current. The Save Image and Clip Board buttons operate as the
ones described earlier for the Geometry tab. Save Image produces a Windows dialogue to
name a file into which a bitmap graphic will be saved that contains whatever is currently
displayed. The Clip Board button puts whatever is currently displayed into the Windows
buffer so that it can be pasted into other applications.'

Save Image Clip Board
Results are current

2.5.4 Top Shroud Views

The second (Top Shroud T (C)) and third (Top Shroud T — Tcontrol (C)) viewing modes
display temperature fields of the top of the shroud. Figure 15 includes an example of each of
these two views including a rectangular geometry and circular geometry. Note that the left
side of the figure was generated with the Plot Shroud Support Edge and Verbose labeling
options selected and that on the right with both deselected. Note the hot edges included
around the rectangular shroud and the absence of the outside ring of elements on the right
shroud corresponding to their respective settings. Only the plot title and timestamp are
included on the right. The third line of text output on the left graphic is the content of an
editable field on the Notes tab and it is included without regard for whether Verbose
labeling is selected. It does not occur on the right part of the figure because the field was
empty when that example was generated.

! Provided the application can handle a graphic image. For example, Windows NOTEPAD can not hold a
graphics image, whereas MS WORD and WORDPAD do accommodate such images.
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Temperatures of Shroud Top (C) Temperatures of Shroud Top - Minus Contral Temperature [C)

5/31/2005 1:31:18 FM, NoName ?59 | ?UT | ?42 | E‘ISA | 1‘025‘ 1PB7 5/31/2005 1:31:00 PM, MoMame 2|B.5 | EIW.D ’ 3|5.4 | 3|9.9 0 4|4.3 | -QIB.B

Thiocxanple s vesboss and plte the supportia =do-. [T | |

Shroudis B5 % 1720125

Shroud emissivity (kop/battom|= 0.82/0.82

Insulationis 10 » 20 0.12

12 Lamps, separated Gin

Max Temp=1086.5, Min Temp= 853.1, Avg Temp=1000.92

Figure 15: Rectangular (T) and circular (T-Tcontrol) Top Shroud views.

2.5.5 Bottom Shroud Views

The next two views are (Bottom Shroud T (C)) and third (Bottom Shroud T — Tcontrol (C))
and examples are shown in Figure 16. The state of the Plot Shroud Support Edge and
Verbose labeling options have been reversed as compared to the results in Figure 15. For
these particular cases the bottom temperatures are about 40°C less than the top temperatures.
Correspondingly, the center of the right hand figure (temperature minus control temperature)
is very nearly zero.

Temperatuies of Shroud Bottom (C] Temperatures of Shroud Bottam - Minus Control Temperature [C]

£/31/2005 1:31:18 PM. NoName ?48‘ ?84‘ ?19‘ ?55‘ ?91‘ 1P27 5/31/2005 1:31:00 PM, Mol ame -IH | I22I IESI IBBI 1|21| 1|54

This example does nat plat the supporting edge. _—- This example is verbose and plots the supparting edge. _—-

Shroud dia=B, Thickness= 0125

Shioud emissivity (top/hottom)= 0L82/0.82

Insulation is 122 20w 0.12

12 Lamps, separated Bin.

Max delts T= 1539, Min delta T=-11.1, Avg delta T= 40.70

Figure 16: Rectangular (T) and circular (T-Tcontrol) Bottom Shroud views.
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2.5.6 Shroud Radiation Heat Flux View

The Shroud Radiation Heat Flux view shows the radiation heat fluxes to the shroud at the
end of the analysis. An example is shown in Figure 17. In this example the legend is labeled
with nice round numbers because the Legend Scale|Legend Limits|Specify option was
selected. When the legend extent is not specified it is always the case that the whole legend
scale is present somewhere in the field. When values to be displayed lie outside of the limits
of the legend, the color saturates at that corresponding to the near end of the legend.

Shroud B adiation Flus [k fz2q.m)
B/31/2005 1:31:18 P, Mol ame il al a0 110 130 160

Figure 17: Shroud Radiation Heat Flux Example.

2.5.7 View Plane Incident Flux

The View Plane Incident Flux is the irradiance predicted for a plane parallel to and beneath
the shroud. The user must define the location and extent of this plane. This view differs from
all of the others in that the quantity displayed is calculated on demand. All the views
previously discussed only render numbers already present in program memory by virtue of
having completed the analysis. In this view the displayed quantity can only be calculated
after the properties of the view plane are set.

32



The Target View Plane group
_ _ - provides the means to define the
Cold Plate Thickness (in ) 15 view plane. The first quantity

specified is the thickness of the

Target View Plane

Distance under shroud (in.) & water-cooled plate that supports
Cell Size {in.) 02 the shroud. This dimension is
important because it affects
|H ole's Extenrt j shadowing that occurs. At least

some shadowing will occur if the
extent of the view plane is
greater than that of the hole
through the water-cooled
substrate. Shadowing will be
_ increasingly significant when the
v Projectaperture HHRENERERENN extent of the view plane
increases and its separation from
the shroud decreases. The second number in this group is the distance from the bottom of the
shroud to the view plane. SPLASH requires this to be greater than the Cold Plate
Thickness. The third quantity is a cell size. The view plane is broken into sub-areas not
larger than the cell size. The resulting array can be at most 100 cells by 100 cells. The cell
size set here and that set for the shroud on the Geometry tab affect the integration that occurs
in that it determines the number of finite areas considered. However, within SPLASH the
spatial integration is limited to not exceed 0.25 inch steps. Consequently, the size of the
calculation here depends primarily on the extent of the shroud and the view plane (and not
their cell sizes).

The pull-down menu in this group provides three selection
options for specifying the horizontal extent of the view plane.
Hole’s Extent corresponds to specifying a view plane of the
same dimensions as the hole specified on the Geometry tab and

Insulation's Extent
Specify Extent centered under the shroud. Insulation’s Extent corresponds to

specifying a view plane of the same dimensions as the as the insulation specified on the
Geometry tab and positioned the same as the insulation relative to the shroud. Finally,
Specify Extent, allows the user to specify the horizontal extent independent of other features
in the system. The coordinate system is the same as that on the Geometry tab (i.e., the lower
left corner of the panel corresponds to (0,0)).

¥ Proiect aperture The Project aperture selection tells
J P SNNRNNNEEERN SPLASH to draw an outline of the shroud

on top of the view plane result. The segmented bar is a progress bar. It fills from left to right
as the view plane calculation is completed. If the view planes are large this calculation can be
lengthy enough that this feedback is reassuring to the user.

Figure 18 shows examples of view plane irradiance. On both the right and the left the extent
of the view plane has been chosen as the system’s insulation extent. Both have the Project
aperture selected. The view on the left places the plane 8 inches under the shroud while that
on the right puts it at 3 inches and exhibits the expected sharpening of the aperture definition
due to the closer proximity.
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Wiew Flane Incident Flux [kiw/sq.m]
£/31/20085 3:51:38 PM. NoName a9 153 216 230 344 408

Shioudis 855 17 2 0125

Shroud emissivity (top/bottom)= 0.82/0 82

Irsulation is 10 % 20 £ 0.12

12 Lamps, separated B intesttesttest, Yu Plane separation= 8.00 in
Max flus= 408, Min flus=" 8.9, Avg flus= 26.73

Wiew Flane |ncident Flux (kiw/sq.m)
£/31/2008 3:51:38 PM. NoName 18 2004 331 57.8 76.4 351

Shioud is 85517 2 0,125

Shroud emissivity (topbottom)= 0.82/0 82

Irsulation is 10 20 x 0.12

12 Lamps, separated B intesttesttesttest, Yiu Plane separation= 2.00 .in
Max flus= 951, Min flus= 1.8, Avg flus= 4818

Figure 18: View plane irradiance examples.

2.6 Plot

Figure 19 shows SPLASH’s Plot tab. This tab provides transient plots of the modeled control
point temperature, the total heater power, and the PID controller action. Examples of the
control temperature and PID action plots (Figure 10 and Figure 11) were shown previously in
discussing the effects of the PID control constants on the Temps/Props tab. Figure 19 shows

an example of the total heater power plot that is available.
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£ SPLASH (Single Panel Lamp and Shroud Helper) NoName

Eile:

Geometry | TempsiProps | Text Ou‘rpuT]\fisuaIizer Flot ]Notes ]Abou*r]

Results are current ‘ Save to Clipboard | Save Image to File ‘ |POW8WS. firme j

Power (kW) vs. Time
Ideal, P=0.100, I=100.00, D=0.010

30

-------------------------------------------------------------------------------------------------------------

____________________________________________________________________________________________________________

Fower(kii

200 300 400

Time (seconds)
B/31/2006 3:09:25 PM, NoName

Figure 19: The Plot tab with a power plot showing.

Shown below are all of the controls associated with the Plot tab. The Results Not Current
label advises whether the case has changed since a plot was last generated. An interesting
behavior of the Plot tab is that it can be used “on the fly.” The user does not need to wait for
a transient analysis to complete to generate the requested plot up to the current time. Note
that the label applies only to status of problem definition. That is, it will read not current
with a plot displayed only if the problem has been edited (so if the last plot generated
occurred before the end of the transient analysis, it does not indicate that there are additional
transient results to plot). The Save Image and Clip Board buttons operate as the ones
described earlier for the earlier tabs.

Results not current Clip Board Save Image Choose Plot Type
Control Temp vs. time
Power vs. time

PID Control Action

The pull-down menu in the upper right corner provides the options of Control Temp vs.
time, Power vs. time, and PID Control Action. As there are no other settings on this tab, the
effect of making a selection is immediate and the available plot is generated.
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2.7 Notes

The Notes tab is to facilitate documentation. An example is shown in Figure 20. The tab’s
two prominent features are a single-line edit box and a large memo box. If the user has placed
content in the edit box it will be displayed as the third line of text output on any view
produced on the Visualizer tab. The effect was shown on Figure 15 and Figure 16. The text
box is more general than others in SPLASH in that text can be pasted into the notes memo. If
formatted text is pasted into the memo, the font style and size will be showing when it is
pasted. However, if the project is saved and reloaded, formatting information is lost. For
example a symbol such as: “c” can be pasted into the window (owing to use of the Symbol
font set on Windows), but upon reloading in the simple Arial font it will be returned as “s.”

SPLASH (Single Panel Lamp and Shroud Helper) NoName

Eile:

Geome’rry1Temp5fProps Text Output | Visualizer | Flot Notes ]Abou*r]

Line of information added to generated outputs:
|Th|s line will be the 3rd line of text on any Visualizer-generated graphic

Analyst notes:

This rerno control is a simple editor.

The user can record text notes relating o the project.

These notes are saved with the file

This rnerno control distinguishes itself from others in SPLASH in that you can paste text INTO this window.

Figure 20: SPLASH with Notes tab example exposed.

2.8 About

The About tab provides version and contact information for SPLASH.
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3 SPLASH in Aperture Mode
3.1 SPLASH Overview, Aperture Mode

As described in Section 1.2, Section 2 provides detailed descriptions of all the controls for
SPLASH in Shroud Mode. This section parallels the Shroud Mode section and describes
differences as they pertain to Aperture Mode. Consequently, this section does not stand
entirely alone and reference to the Shroud Mode section is required for features that operate
the same in both modes.

3.2 Geometry

There are no changes on the Geometry tab as a result of operating in Aperture Mode other
than having selected that mode from the pull-down menu. In Aperture Mode, shroud
temperatures are not calculated but the shroud is represented as cold (set to the environment
temperature) and black (£ =1) in the calculation. This has the effect of the shroud’s area

returning negligible energy to the enclosure, i.e., mimicking the hole. Consequently, the
analyst should use an arbitrarily thin value for shroud thickness and the horizontal dimensions
of the shroud should be chosen just slightly greater than the dimensions for the hole in the
insulation.

3.3 Temps/Props

The Temps/Props tab exhibits more change than any other tab in changing modes between
Shroud Mode and Aperture Mode. An example of the Temps/Props tab in Aperture Mode
at the completion of the solution is shown in Figure 21. Several features shown in Figure 7, the
corresponding Shroud Mode view, are hidden and one new checkbox control is added. A
discussion paralleling that for this tab in Shroud Mode follows.
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£ SPLASH (Single Panel Lamp and Shroud Helper) C:\Documents and Settings\melarse\Desktop\testexamp.spl

Eile:

Geometry Temps/Props |Te>d Ou’rpuT] \fisualizerl Plot ] Notes ]AbouT ]

Panel

L o ,1— | rMumerics | [B/31/2005 4:23:65 PM. CADocuments and
Sl SGR Ferations 500 Settingsimelarse\Desktopitestexamp.spl
Panel € 02 The system has 406 surfaces
200 SOR Relaxation 05 Total power = 72.0 KW

Panel Temperature (K}

Power per Lamp = 6.0 KW
S el ! Total Power Through Hole = 82.0 K

Shroud 1 Shroud Area = 0.0932 5qm

Top € I Mean flux is = 343 0956 KWJsg m
Heater Tolerance |10 RMS Flux varation/Mean= 0.035
ontrol
Insulation 7
€ 06 Lamp Power (ki ea) |6
Thermal Cond. (WimiK) 011

Substrate ternperature 300

W Allow Insulation to heat up

Ervironment 7L Calculate [F]
300 Current iteration = 163

Temperature (K}

Heater Heat flux convergence error= 016

Outer Loop Error= 0.00083 Abort Bun

Figure 21: The Temps/Props tab in Aperture Mode.

3.3.1 Thermal Properties

The Panel group of properties remains unchanged. Lamp and panel emissivities and the
panel temperature are specified as before.

The Shroud group has no editable information. The emissivity of the shroud is unity in
Aperture Mode and that is displayed in the editbox control but the editbox has been disabled
and changing the emissivity is not an option. None of the other shroud properties affect the
calculation and they have hidden to take them out of consideration.”

The Insulation group retains editable emissivity, thermal conductivity, and substrate (cooled
plate) temperature. Specific heat and density are not in play and the corresponding controls
have been hidden. A checkbox, labeled Allow Insulation to heat up, is visible that is not
present in Shroud Mode. If this option is not selected the insulation surfaces presented to the
enclosure analysis are at the specified temperature and there is no conduction present in the
system so that the solution is trivial. Allow Insulation to heat up is checked by default and
generally should remain checked.

Environment temperature is specified as just as it is in Shroud Mode.

? Associated variables still exist in SPLASH because they are allocated for the Shroud Mode of operation. The
corresponding GUI controls are made invisible to eliminate confusion.
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3.3.2 Numerics

In the Numerics group the Time per iterate is not relevant for Aperture Mode and it is
hidden. No transient information is preserved in Aperture Mode. The solution method uses
the same SOR routines and relaxation to find enclosure radiosities and lamp temperatures. As
described in Ref. [1] a pseudo-transient method is used to find the solution to the non-linear
equations in which a “time-step” is modified along the way to stay stable but no requirement
for transient solution accuracy exists.

The solution method should be robust for reasonable system specifications. If there are
problems finding the solution the dialogue of Figure 8 will probably be displayed. It may be
helpful to reduce the SOR Relaxation at that point.

3.3.3 Control Properties
The only relevant control in the Control group is the Lamp Power specification. In contrast

to Shroud Mode, where this field is the maximum power available, the Lamp Power is
imposed (and not throttled back by a PID control system) in Aperture Mode.

3.3.4 Calculate [F]

Refer to 2.3.4, operation of the Calculate [F] button is the same as in Shroud Mode.

3.3.5 Solve Problem / Abort Run

Refer to 2.3.5, operation of the Solve Problem and Abort Run buttons is the same as in
Shroud Mode.

The three dynamically updated labels left of these buttons change to the content shown in
Figure 21. Current Iteration is the count of pseudo time steps taken. Heater Heat flux
convergence error is rms error between the imposed lamp strip heat flux and that calculated
with the current set of temperatures. The Outer Loop Error is the rms relative emissive
power change between iterates.

At the conclusion of a run (Outer Loop Error<0.001), a brief summary is written the
Temps/Props tab text box. The summary includes a timestamp corresponding to the
initiation of the analysis, the file name (or “NoName” if not yet assigned), surface count, total
lamp power at the end of the analysis, the power per lamp, the power through the hole, the
shroud area, the corresponding mean flux, and the rms variation in incident flux on the hole.

3.4 Text Output
The content of the Text Output tab is the same as in Shroud Mode.

3.5 Visualizer

Since the Visualizer tab only reflects end states in Shroud Mode, its operation in Aperture
Mode is substantially the same. However, some of the views no longer make any sense. If
the user selects (Top Shroud T — Tcontrol (C)), (Bottom Shroud T — Tcontrol (C)), or
(Bottom Shroud T (C)) views, the dialogue of Figure 22 is produced.
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Invvalid wiew for Aperture Mode

Figure 22: Dialogue indicating Invalid view for Aperture Mode.

The differences between Aperture Mode and Shroud Mode have been described in detail in
Ref. [1] and the rest of this document. Nonetheless, visual examples, pertinent to the
discussion at hand, may further improve user insight. To that end, Figure 23 shows the
Geometry tab rendering of a simple system. This system is not likely to be of interest to
radiant heat testing but it illustrates the behavior of SPLASH in Aperture Mode. Four lamps
in an asymmetric pattern are positioned over a “shroud” that is a narrow slit running parallel
to the lamps. This same geometry will be calculated in Aperture Mode and in Shroud
Mode. Switching modes requires no value editing but the system must be redrawn between
the two solutions to initialize variables correctly (SPLASH enforces this redraw by disabling
the Solve Problem button until redraw occurs).

6/1/2005912:18:22 P, C:h\_SPLASH sl zpl
Lamp Lewvel Shroud Lewvel Side Yiew

Figure 23: Geometry tab graphical representation of Aperture Mode example.
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View Plane |ncident Flux (k' ésg.m) “Wiew Plane Incident Flus KW /sq.m)

E/1/2005 123110 PM, CA_SPLASH slik spl FU | ‘55 | 1‘3.0‘ 1‘9.5‘ ‘ZEU‘ ‘325 6/1/200512:4213 PM, C:5_SPLASH'slit.spl EII.12I EII.SEI }.59| %.32| ?.UEI ?.78

— || | |

Shroudis B5x 0520125 Shioud is85x05x0.125

Shroud iz cold and black Shroud emissivity [top/bottom)= 0.82/0.82

Insulationis 10 x 12« 0.12 Insulation iz 10 % 12012

4 Lamps. separated 5 intest, Yu Plane ssparation= 4.00 .in 4 Lamps, separated 5 in.testtest, Yu Plane ssparation= 4.00 .in
Man fluw= 32,5, Min fluv= 0.0, Avg fluk= 5E3 Max fluk= 2.8, Min fluk= 01, &wg flus= 1.47

Figure 24: Figure 23 system results in Aperture Mode and Shroud Mode.

Figure 24 includes View Plane Incident Flux results for this geometry for both modes of
operation. For both analyses the Lamp Power was set at 6kW per lamp. For the Shroud
Mode result the control temperature was placed at a temperature beyond what can reached at
the maximum lamp power which results in its 4 lamps running at full power as they do in
Aperture Mode. “Images” of the lamps can be seen on the view plane on the left. The
lamps have far greater radiosity than the panel intervals between them and projection of these
intervals through the slot are seen on the viewing plane. In the Shroud Mode result on the
right the irradiance is due to emission from the shroud which equilibrated (power maxed out
at 6 kW per lamp) at approximately 1200K.

3.6 Plot

The Plot tab only displays transient information. Attempting to generate a plot in Aperture
Mode produces the dialogue of Figure 25.

These plots are not applicable to Aperture Mode

Figure 25: Dialogue indicating plots not applicable to Aperture Mode.

3.7 Notes
The Notes tab operates the same in Shroud Mode and Aperture Mode.

3.8 About
The About tab is the same in Shroud Mode and Aperture Mode.
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