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As with any scientific endeavor, the foundation of icing research at the NASA Glenn
Research Center (GRC) isthe data acquired during experimental testing. In the case of the
GRC Icing Branch, an important part of this data consists of ice tracings taken following
tests carried out in the GRC Icing Research Tunnel (IRT), as well as the associated
operational and environmental conditions during those tests. Over the years, the large
number of experimental runs completed has served to emphasize the need for a consistent
strategy to manage the resulting data. To address this situation, the Icing Branch has
recently elected to implement the IceVal DatAssistant automated data management system.
With the release of this system, all publicly available IRT-generated experimental ice shapes
with complete and verifiable conditions have now been compiled into one electronically-
searchable database; and simulation software results for the equivalent conditions,
generated using the latest version of the LEWICE ice shape prediction code, are likewise
included and linked to the corresponding experimental runs. In addition to this
comprehensive database, the IceVal system also includes a graphically-oriented database
access utility, which provides reliable and easy access to all data contained in the database.
In this paper, the issues surrounding historical icing data management practices are
discussed, as well as the anticipated benefits to be achieved as a result of migrating to the
new system. A detailed description of the software system features and database content is
also provided; and, finally, known issues and plansfor futurework are presented.

I. Introduction

Aswith any research group, members of the Icing Branch at the NASA Glenn Research Center generate and use
agreat deal of datain the course of doing their research. For the Icing group, this data most often takes the form of
hand-traced and digitized ice shapes, and the associated environmental and operational conditions at the time those
ice shapes accrete. Over time, the management of this data has increasingly become a major concern, as thousands
of ice shapes have been generated by different researchers under varying conditions and for different purposes. In
the past, the individual researchers performing the tests have each been responsible for managing their own test data,
meaning the location, reliability, and type of data retained has been subject to a great deal of variability. If, at alater
point in time, aresearcher wished to access that data, often this would require a great deal of time and effort; and, in
some cases, its use would be complicated by missing or conflicting information.

To address this situation, the Icing Branch has recently chosen to implement an interactive, automated data
management solution referred to as the IceVal DatAssistant software system. This system has two primary
components: arelational database, used to store both experimental and simulation software-generated ice shapes and
the associated conditions data; and a database access utility, used to upload, download, and/or display user-selected
data. By migrating to this type of solution, members of the Icing Branch have not only been able to improve their
current data management practices, saving time and effort, but they will now also be able to provide an improved,
more comprehensive product to their customers, while simultaneously laying the foundation for future
enhancements to both products and processes.
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II. Rationale

The experimental ice shapes collected over the last 20 years by researchers at the NASA Glenn Research Center
(GRC) have primarily been generated during tests performed in the Glenn Icing Research Tunnel (IRT). The IRT is
an instrumented, refrigerated wind tunnel used by researchers and aircraft design engineers to simulate the natural
conditions experienced by aircraft when flying through an icing cloud.” A wide range of tests have been performed
in the IRT over its years of operation, providing information as to how ice forms on an aircraft’s surface under a
given set of conditions,* the impact a particular ice shape has on an aircraft’s performance,? or the effectiveness of a
proposed icing prevention® or ice removal” strategy. Additionally, tests have been run in order to calibrate the tunnel
after equipment repairs or upgrades,” to provide validation data for ice prediction software systems,® or for a variety
of other icing research-related purposes.®

While the data acquired during these experimental tests has generally been collected with a specific purpose in
mind, the data captured most often also has value beyond just the immediate objectives of the researcher conducting
the test. For example, the results of an experiment performed for purposes of understanding how ice forms under a
particular set of conditions may also be used to validate an ice shape prediction code for use under those same
conditions;” or the results of a test conducted at one point in time may be used in planning a subsequent test, or
evaluating its results.® In either case, having efficient, reliable access to previously collected data could save a great
deal of time and effort, and provide valuable information to the research engineer. In addition, given the fact that
testing in the IRT costs the taxpayer well in excess of $100,000 per week, it would certainly seem appropriate to
take the necessary steps to ensure the long-term integrity and availability of any data acquired that might be of use at
some later point in time.

Although the above rationale may already provide sufficient motivation for undertaking the development of the
type of data management solution implemented in the IceVal DatAssistant software, there are also a number of other
reasons for the Icing Branch to migrate to this type of solution. While these reasons may differ in their specific
focus, the common thread among them is the recognition that, by compiling a comprehensive database consisting of
a standardized, reliable data set, and combining that with an easy-to-use graphical user interface (GUI), providing
quick and easy access to the data, a number of present and future enhancements to both products and processes
become possible;

1) Morethorough, less costly product validation

In the past, validation of Icing Branch software, such as the LEWICE ice shape prediction code,’ has
been an extremely labor-intensive process. Even where testing could be automated, collecting the
necessary data and ensuring the consistency of format required to conduct reliable automated testing has
been a time-consuming, tedious, and error-prone process. Ultimately, the difficulties involved have
necessitated that a choice be made between limiting the extent of the validation — and thus the quality of
the final product — or, in the alternative, expending considerable resources to complete the necessary
work. In the future, however, with the availability of the IceVa system, a comprehensive validation data
set will not only already have been compiled, but it will already have a system-enforced consistent format
as well, completely eliminating two of the most common impediments to thorough automated validation
testing.

2) Enhanced quantitative software validation techniques

Prior to the release of LEWICE 2.0," assessments as to the performance of ice shape prediction codes
typically were based on subjective, qualitative criteria, such as visual comparisons of actual ice shapes
measured in an experimental facility with those produced by an ice shape prediction code.** The use of
this approach was not only due to the technical difficulties involved in performing more rigorous
validation tests, as described above, but also due to the lack of predefined quantitative acceptance criteria
established by the icing community. For the LEWICE 2.0 validation, however, GRC researchers compiled
data from a large number of experimental icing tests (over 800 ice shapes from approximately 400 IRT
test runs); and, using this data, they were able to develop an initial version of a utility called THICK.
THICK is a software tool used to examine ice shapes and provide quantitative measures, such as icing
limits, maximum horn thickness, horn angle, etc., which can then be used to assess the similarity of two
ice shapes. Implementation of the THICK utility, and the definition of the associated quantitative
measures for the evaluation of ice shapes, represented a significant step forward in the icing community’s

* A detailed description of the IRT can be found on the Internet at http:/facilities.grc.nasa.gov/irt/index.htm.
8 Each cited reference provides an example of the type of testing mentioned. Additional examples can be found
elsewhere in the literature.
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efforts to move from qualitative to quantitative ice prediction software validation techniques; and the first
step in that process was compiling a standardized, consistently formatted data set for use both in
formulating the technique and, later, in validating its implementation. With the development of the IceVal
system, this data set has now been extended to an even broader range of ice shapes, airfoils, and
conditions, and the format and content of the data are now rigorously controlled. Therefore, by combining
this enhanced data set with the ability — through use of the GUI —to quickly view and output user-sel ected
data subsets and associated ice shape images, the IceVal DatAssistant software system will facilitate the
process of upgrading existing techniques and/or identifying new quantitative approaches.

Improved experimental testing

A required step in the process of developing an automated data management system is the definition
of a standardized interface for data input and output. In the case of the IceVal system, the interface that
has been defined is based on existing Icing Branch standards and practices for the collection of
experimental data during IRT testing. By enforcing this standards-based interface, therefore, use of the
IceVa system will help to encourage a more rigorous and consistent application of the existing data
collection protocol — helping to ensure that the data specified in current Icing Branch procedures is
consistently captured and retained. Furthermore, with a comprehensive database of testing data
consolidated in one location, and system features permitting selective display of user-specified data
subsets, the system can also be used to expose existing data inconsistencies, or gaps in the collected data,
providing valuable input to the experimental test planning process. For example, while planning a NACA-
0012 airfoil scaling test entry, one could use the IceVa system to display the subset consisting of all
scaling tests performed on the NACA-0012, in order to highlight any gaps in the existing data. Missing
conditions identified in this manner could then be included in the next test entry.

Increased efficiency during the aircraft design process

With the release of the initial version of the IceVa system, all publicly available IRT-generated
experimental ice shapes to date with complete and verifiable conditions have been compiled into one
electronically-searchable database. For the aircraft design community, which must certify aircraft for
flight in icing conditions, combining this electronically-searchable database with the selective display
capabilities of the GUI has the potential to provide significant benefit during the design certification
process. By using the IceVal system’s capability to display specific user-selected test cases, as described
below in detail, it will often be possible to quickly locate ice shapes from existing test cases that are
associated with an airfoil that falls into the same general classification as the new airfoil to be certified.
By using the ice shape from one of these existing test cases as a starting point, the design engineer will
then be able to expedite the process of determining an appropriate ice shape for use during certification
testing, thereby increasing the efficiency of the aircraft design certification process.

New and/or improved analytical methods

The foundation of al scientific inquiry is data; and, certainly, a key factor in the increased pace of
scientific progress in recent times is the improved access and data processing capabilities provided by
computers. In a similar manner, the consolidation of the experimental icing data, combined with the ease
of access and data processing capabilities provided by the IceVal GUI, will facilitate the process of
performing statistical analyses or other scientific investigations that might ultimately lead to new and/or
improved methods in theicing research field.

Ability to implement future enhancements to data management procedures and/or products

As with most organizational process improvement efforts, one of the primary benefits of
implementing the IceVa system is the foundation that it will provide for future enhancements to Icing
Branch data management practices and/or products. Having a system in place with a well-defined,
consistent data interface will underscore for all who use the system precisely what datais and is not being
routinely collected during experimental testing. This may then serve as the stimulus that will result in an
upgrade to both the experimental testing protocol and the IceVal system itself, so as to capture additional,
or different, data. For example, the original spreadsheets containing the experimental test data often list
only the icing conditions and not the actual spray bar settings used during a test. As the equations for
determining liquid water content and drop size have changed over time, the spray bar settings would be
useful for resolving discrepancies in the data; but because this data is not generally documented on the
spreadshest, it is not included in the current version of the database. Likewise, the templates that the
researchers use for tracing ice shapes often include notes about feather formation or anomalies witnessed
during a test. While these templates are now digitally scanned, the additional information is not being
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transferred to the spreadsheets, and thus is also not currently included in the database. With an initial
version of the system in place, however, any of these enhancements can be readily implemented in the
future.

In asimilar fashion, if, in the future, a new area of icing research should require that different data be
captured or additional computations be routinely performed, the currently existing system can be modified
to incorporate this new capability. With most efforts such as this, the most difficult step is the first one;
thus, the expectation is that any future enhancements to Icing Branch data management products and
processes will now require only evolutionary, not revolutionary, change.

I1l. Legacy Data Overview

When an effort was first made to consolidate experimental data for use in ice shape prediction code validation,
the data that had been collected during IRT test runs was discovered to be in a wide variety of formats. Each
researcher was responsible for managing his or her own test data; and, although data collection and naming
standards were in place at the time, the extent to which the standards were being followed, and the individual
interpretations of those standards, varied. In addition, much of the documented data was stored as hardcopy
information, and was thus not available electronically. The most commonly used methods for documenting data
from experimental test runs were test matrices, run logs, and icing templates.

A test matrix is a chart, often in the form of an Excel file, showing the planned or actual conditions used for an
entire test entry, which generally consists of multiple test runs, or sets of conditions. An example of a test matrix is
shown in Fig. 1. The run log is a hand-written, hardcopy sheet containing information from a single test run - i.e,,
one set of conditions - and includes information as to the actual conditions run, observations made during the test,
etc. A sample run log is shown in Fig. 2, below. An icing template is a rectangular piece of cardboard with the
contour of the relevant airfoil cut into it and a hand-drawn ice tracing image documented onto it. The ice tracing is
created by entering the tunnel following the test and manually tracing the ice shape that formed onto the cardboard.
Aside from the actual ice tracing itself, the template might also contain miscellaneous notes made by the researcher
during or after the test. A typical icing templateisdisplayed in Fig. 3.

Date: 8/12/2003 Page: 1
Config: Twin Otter with flap Engineers: Potapczuk/Miller
Spray 1 Spray 2
Spray Spray 2 Spray 2
Test Airspeed Ttotal Tstatic MVD, Lwc, Spray | Spray | Time, MVD, Lwce, Spray = Spray | Time,

Start Time Run # [Condition # (knots) (degF) (degF) | AOA (degrees) (um) (9/m3) | Pair (psi) DelP (psi) (min) Nozzle (um) (g/m3) | Pair (psi) DelP (psi) (min) Nozzle
17:20:49 1 1 130 29.0 25 25 20 1.34 19.5 12 1 STD 130 0.5 2 9 1 MOD
18:14:26 2 2 130 29.0 25 25 20 1.34 195 12 10 STD 130 05 2 9 10 MOD
19:03:34 3 3 130 29.0 25 25 130 0.5 2 9 10 MOD 20 1.34 19.5 12 10 STD
19:54:20 4 4 130 29.0 25 25 20 1.34 19.5 12 15 STD 130 0.5 2 9 5 MOD
20:41:20 5 5 130 29.0 25 25 20 1.34 195 12 5 STD 130 05 2 9 15 MOD
21:18:00 6 6 130 29.0 25 25 130 0.5 2 9 15 MOD 20 1.34 19.5 12 5 STD
22:06:28 7 7 130 29.0 25 25 130 0.5 2 9 5 MOD 20 1.34 195 12 15 STD
not run 8 130 29.0 25 25 130 0.5 2 9 20 MOD - - - -

22:49 8 9 130 29.0 25 25 20 1.34 19.5 12 20 STD - - - -
not run 10a 126 106 6.8 35 42 132 254 1512 1 MOD
10b 126 106 6.8 35 20 12 37.7 1365 2.7 MOD
10c 126 10.6 6.8 35 24 0.55 10 245 35 MOD

Figure 1. Final test matrix, completed following a planned 10-run IRT test entry.
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In addition to the test matrices, run logs, and hand-drawn icing templates, beginning in 1991, ice tracings taken
following IRT test runs were, in some cases, digitized and stored electronically. Routine digitization of hand-drawn
ice tracings began in the mid 1990s.

Other than the above, the primary source of experimental data from IRT test runs is the data taken by the IRT’s
Escort-D real-time data acquisition system. This system is set up prior to the beginning of atest, and records user-
selected raw data, such as fan speed, air speed, spray bar pressure, air pressure, temperature, etc., and can be used by
the researchers to verify information documented on the final test matrix.

While all of this data is available, in theory, for every test run, as a practical matter, this is often not the case.
Because the data is managed by the individual researcher, and much of it is stored in hardcopy form, locating a
specific data set may require a significant effort. Furthermore, because of differences in experimental technique
from one researcher to the next, the extent to which the relevant conditions have been explicitly documented can
vary widely. Moreover, since plans made prior to atest may change during the test based on interim results, it is not
uncommon to find conflicting information as to the actual conditions run, complicating interpretation of the data.

In response to these difficulties, and in an effort to remedy the situation, the Icing Branch has chosen to
implement the IceVa system. The architecture and principal features of this system, as well as the process used for
its devel opment, are described in the remaining sections of this paper.
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V. Software Development Process

The traditional software development process, utilized for many years by software practitioners, is referred to as
the “waterfall model” for software development. This is a sequential process, beginning with requirements
definition, and proceeding through design, implementation, verification, and maintenance in a linear fashion —
completing each phase, and its associated documentation, before moving on to the next one. In recent years, this
process has fallen into increasing disfavor, considered too inflexible and/or to involve too much overhead for
today’s fast-paced, rapidly evolving, and highly competitive market. Instead, a variety of other lifecycle models
have been proposed, from the “spiral model,”** which has much in common with the original waterfall model, to the
so-called “agile development” models,** such as Extreme Programming or Scrum, which have much lessin common
with the waterfall approach, tend to minimize documentation, and — as the name implies — emphasize rapid delivery
of working software, and the ability to quickly respond to change.

For the development of the IceVal software system, the process used, best described as a “rapid” or

“evolutionary prototyping

n 14

approach, falls somewhere in the middle of the range in terms of formality of both

process and product — still incorporating the most essential forms of documentation, although less formally
implemented, and utilizing a more user-centric, iterative approach to design and implementation than typicaly
found with the more traditional methodologies.
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To begin the process, the first step isto define and document an initial set of system requirements. For the IceVal
system, this was accomplished through informal discussions with users, the results of which were then documented
in detail and posted to the team web site for review. Once agreement had been reached as to the initial requirements,
a preliminary version of the system was implemented, with emphasis on providing a working prototype as soon as
possible. Once this prototype was available, and each time a relevant upgrade in functionality was implemented, the
software was demonstrated for the users;, and feedback from these sessions was then integrated into both the
requirements documentation and the software itself.

From a design standpoint, an effort was made to create a system that was very modular in nature, consisting
primarily of small, reusable, single-function routines with relatively transparent logic. In the few cases where longer,
more complex routines were required, Program Design Language (PDL), or pseudocode — a structured, English
language representation of the logic — was written, and was then included as a header in the associated routine.

As the IceVa system is an interactive system, testing was primarily function-based, and was likewise
accomplished in an iterative fashion; i.e., when a particular system capability was added or updated, that portion of
the system was rigorously tested to ensure that al features would perform as planned. In addition, wherever
possible, “round-trip” testing was also performed; i.e., afile originally used as input to the system, was compared
with the associated output file generated by the system using the data originally provided by the input file.

V. Database Description

The database component of the IceVa system consists of a Microsoft Access 2003 database file with nine
individual database tables, as described below in Table 1. The specific parameter fields defined in each table, and
the assigned data type for each of those fields, are as shown in Fig. 4. In genera, the data type used for a parameter
field is consistent with the native type of the data, as expected. However, the exception to thisis in the case where a
value that would normally be expected to be read in as anumber isinstead read in as atext value. Where this occurs,
it is either due to the fact that the input parameter associated with that field may have a non-numeric character
embedded in the input field along with the parameter value itself — e.g., a‘ SpanLocation’ value specified as ‘36"’ in
theinput file; or, in the aternative, the associated input parameter may not always have a numeric value at all —e.g.,
an ‘UpperHornAngle’ value may be displayed inthe input file as ‘N/A.

In terms of structure, the database tables are primarily defined along functional lines, i.e., the data is organized
such that parameters are located in the same table with other parameters that have a similar purpose. Beyond this,

Table 1. IceVal Database Table Descriptions
Table Name Table Index Table Description
AirfoilCoordinates | AirfoilName Nominal x and y coordinates for all airfoils contained in the database

GridlineCoordinates | Degrees Start and end x and y coordinates, used by Excel to plot image
reference points displayed on the ice shape image chart

|ceShapeData RunID Airfoil and ice shape x and y coordinates for all ice shapes contained in
the database

IceThicknessData RunID Ice thickness vs. wrap distance for al ice shapes contained in the
database

RefConstants Name The set of reference constant values, and associated units, used in the

calculation of run constants for each test case contained in the database

RunConstants AltRuniD The set of run constant val ues associated with each test case contained
in the database, calculated using data from the RunSpecs,
SprayConditions, and Ref Constants tables, utilizing equations found in
the 2004 report by Anderson™

RunSpecs RunID Basic run parameters with values that remain unchanged, such as test
date, test objective, airfoil name, etc., for each individual test case
contained in the database

SprayConditions AltRunIlD The set of run parameters with values that may vary during an
individual test run for each test case contained in the database

ThickUtilityData RunID | ce shape parameter data computed by the THICK utility for each test
case contained in the database
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Field Name |Field Type Field Field Name Field Type
—— Field Name Type
AirfoilName| Text AltRunID Text RunlD Text
Coordindex |Long Integer RuniD Text Date Text
AirfoilX Double StaticTempF Single Airfoil Text
AirfoilY Double StaticTempC Single TestObjective Text
a) AirfoilCoordinates StaticTempR Single SpanL ocation Text
_ _ StaticTempK Single LeadEngineer Text
Field Name|Field Type FilmTempC Single Chord Single
Degrees Long Integer FilmTempR S!ngle AirSpeed Smgle
Xt Single Total TempR S| ngle AOA Single
Xend Single MachNumber Single CorrectedAOA Single
N ot Sindle VelocityS| Single | [ TotalTemperature Single
dLY VelocityEng Single SO
Yend Single : IPSOn Text
9 MVDFt Singe | [SpanAngle Text
b) GridlineCoordinates ChordFt Single .
SaticPT S LinkedRunID Text
Field Name|Field Type AlCTTESSure ng'e RepeatConditionType Text
AlrDensity Single L EDiameterByChord Single
RunlD Text AirViscosity Single y 9
Coordindex | Long Integer SpecHeatWater Single | 1) RunSpecs _
AirfoilX __ |Double AirThConductivity Single Field Name _'?'e'd
AirfoilY  |Double ChordB:;iRe S ng:e RS Té’fte
IceShapeX |Double MVDBasedRe Single
| ceShapeY Double LEDiameterBasedRe Single | |lceStartindex Text
X PrandtiNum Single | | /ceEndindex Text
c) lceShapeData HeatXfrCoeff Single L ECylinderX center Text
InertiaParamK 1 Single LECylinderY center Text
: : i Airfoil LEXstag Text
Field Name [Field Type Lambda Single LA
Modl nertiaParamK 0 Single | |AirfollLEYstag Text
Coordindex |Long Integer |  [ModStagnationBeta Single | [lcingLimitXhi Text
IceThickness |Double LatentHeat Single |cingL imitYlow Text
\WrapDistance |Double ScalingE Single I a ngL! m!tY hi Text
d) IceThicknessData HealOfV aporization Single | [1GingLimitSlow Text
\V aporPressure Single IcingLimitShi Text
MassDiffusivity Single | ceT hicknessL owerMax Text
Field Name][Field Type SchmidtNum Single |  [Ic€ThicknessLEMin Text
M assX frCoeff Single | ceT hicknessUpperMax Text
Name Text EvapMassLoss Single LowerlceArea Text
Value Single RelHeatFactorb Single UpperlceArea Text
Units Text DropEnergyXfrPhi Single TotallceArea Text
€) RefConstants AirEnergyXfrTheta Single MaxThicknesslceCoordXlower | Text
FreezingPotential Single MaxT hicknessl ceCoordY lower | Text
FreezingFraction Single MaxT hicknessl ceCoordXupper | Text
Field Name|Field Type RelHeatFactorbMod Single MaxThicknessl ceCoordY upper | Text
FreezingPotentialMod Single MaxT hicknessSurfCoordXlower | Text
AltRuniD | Text FreezingFractionMod Single | | MaxThicknessSurfCoordYlower | Text
RuniD Text FreezingFractionPerCentDiff |Single MaxT hicknessSurfCoordX Upper | Text
LWC Single AccumParamByChord Single | | MaxThicknessSurfCoordY upper | Text
MVD Single AccumParamByL EDiameter | Single LowerHornAngle Text
SprayTime |Single UpperHornAngle Text

g) RunConstants

f) SprayConditions i) ThickUtilityData
Figure4. | ceVal database table definitions, showing thefieldsincluded in each table and their associated data
types.
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parameters are further arranged, as needed, so as to normalize the data contained in the database, i.e., to prevent the
unnecessary repetition of the same information in multiple database records. For example, the ‘RunSpecs and
‘SprayConditions’ tables both contain run parameters associated with the various test runs included in the database.
However, for some of the runs in the database, several different settings are used during a single test run for the
parameters contained in the ‘SprayConditions table; whereas the settings for parameters contained in the
‘RunSpecs table never change during a single run. The parameters have been separated into these two distinct
tables in order to permit the storage of all values for the parameters that may have values that change, while
preventing the unnecessary duplicate storage of the data that doesn’t change. Records from the two tables are then
linked using a common value — in this case, the ‘RuniD’ value.

VI. Software System Functionality

The IceVal DatAssistant software system is an interactive, Windows-based application developed using
Microsoft Visual Basic 6.0. Asis the case for other Windows applications, from the user’s perspective, operation of
the system is controlled via a set of graphical forms — along with the various buttons and other graphical elements
contained on those forms — that, together, constitute the system’s GUI. While this notion of the system’ s mechanism
of operation is not entirely accurate — in reality, operation of the system is accomplished via the logic contained in
the forms “event-handlers’™ and supporting Visual Basic modules — it nevertheless serves as a useful frame of
reference for an explanation of the system’ s features.

The IceVal software system structure is shown below in Fig. 5. Modules whose names begin with the prefix,
“frm,” are the system’s form modules; whereas the remaining modules represent the Visual Basic support modules.
These support modules - with the exception of ‘MainModule,’” whose function is to initiate program execution -
contain subroutines and functions utilized, either directly or indirectly, by one or more of the form modules’ event
handlers.

MainModule
frmSplash frmhdain classSavedSettings
frmAirfoilDatal O frmDBToxL frmLosdConditions frm#LToDB frmFiXLFile
frmkewDir frmGueny frmLodin
leeval
s Database
~
GlohalProcs

Figureb. IceVal DatAssistant softwar e system structure.

T An “event handler” is a subroutine that is executed in response to the occurrence of a specific “event” that occurs
in the environment, such as a user clicking the mouse or entering text in a textbox
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The system's form modules, and the features
implemented on each associated form, are as follows:
frmSplash
This module contains the logic required to display
and operate the system splash screen, shown in Fig. 6.
This screen appears when the user first starts the
IceVa application.

Figure 6. System splash screen, displayed at system
startup.
frmMain
This module contains the logic used to display and operate the main user screen, shown in Fig. 7 below.
From this screen, access can be obtaned to al other forms in the system.

i, Icing Yalidation Data Processing ULility

Database File Hame:
C:Ay Wwiark, Files\l cinghloev sl ssistant\ alidationUtilieD ataFileshD atabaszeFilesh cing alidationDERevz2_01T Browse. . |

— Manage Individual Excel File Fun Data—— [ Manage Database Data

Yiew / Duwr_lluad Ice Shapes
View / Upload to Database and Azzociated Bun Data
Excel File Run Data

Yiew / Upload / Download Log in to
Airfoil Coordinates Databasze

Modify Excel File

Run Data Layout Manage Database Records

and Conditions Data

Figure 7. Screen shot showing the IceVal DatAssistant main user screen.
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frmAirfoilDatal O

The form associated with this
module (see Fig. 8) is used to
upload, download, and/or display
user-selected airfoil coordinates.

frmDBToXL

r e - -
w. Process Airfoil Coordinate Data [ .:I.Qlﬁl

Dotabase File Name:

FWpWukFibs‘.ldru‘.lowalEsaslarﬂValidabrthihDataFlle-s'\D atabazoFilsVoingaldationDBRevZ_01Test | Browse..

Output Airfoil Coordinates From Database To Text File:

Airkoil I Airfoil Coordinate:s Output Files Directomy:
CYLINDER Inges | Aitoibd Lot a| [She =
o = M. : B =T
RG] 00435755 -

M5317 ik e n02Ea3 by whaik Files

MDD 271 Hleirg

HATIEMOD 4 098195 0123405 Tl aE ssistant
MACADD 2 LR ER Kl S8 FroDPArn
MACADDTZ 35 S 0211306 yMyTesbi
MACADDTS 7 093 0250005 R eciesiedFie
MACAZI 2 | } T yAeciestedFiles
NACA2301 4MOD | |z |ogos 0286765

MATA44TEM00 9 0,083 D3 -

MLFO414 0 I v
Text File Dutput Directory -

|C:‘|Mp otk Files\lcinghleet dEssistam\PracDPAppA My TesDidReziedtedFil | Qutput Coordinates to Text Filels]

Text Files Directon:

Add Airfoil Coordinates To Database:

A linal

() Bil:DW DRev2DiiginaFies

& AifoilCooidsFoe_impingamer

=2c ~| [Glcaotm =
! - H LTHS. 1
=1 53170t
My Walk Files MS3 7T et Re bt
leing MACAZI012 bt
“HlceVaE sigtant RACAZI012_ 1 O ket

NACH2HT2_15mm bd
NACH2I2_ 220 b
MACHZI012_ 45 kd
MACHZE012 Sminkut
A5 1
MACAMTE_22min kxt
MACAAATE_4Smin nt

=

Output Aifoil Coordinates from Selected Filefz) 1o DB

Figure 8. ThefrmAirfoilDatal O form, used to processairfail
coor dinate data.

The form rendered by this module (see Fig. 9) enables the user to view selected data from the database and, if
desired, output that datato individual Excel files.
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. View Yalidation Database Data .I.Iﬂ' |
Databasze File Hame:
I[k‘wMu"n"mk Filzstonglce s ssistartV sidstionl | iy st oF fe st DistabaseFiles\ crgValidstionD DR av2_0ITeoCoon  Baowse I

Bun ID; Run Parameters WEEAERCYR ISR
Abenate Fun 1D: A | llndex -

AT ~ ] =l W rsghaae__ oot +|

ACTHEZZ T st Dibjmctive: Facblp Slandad:s B H 0% (k]

ACMEIT ) ] (R[] (ED

ACTMEAE Lead Engineer: Clldanitiag

PErETE: q iz (]

ALTHAE Dl 200 B 00555 [

ALMESTS :

ACTMBELZ Aol ID; Im12 : g%’; ggi

ALTMESI

s Tl I CH— T—_

ALTHESE? . -

ALMBEI0 i hz imches ™, nma7 0483

i fi Speed i o i nos  jase -

praee s — IE I IO

ACMETE (¥ Diplay Courdinates  Display loe Shape

Aoz Totd Tonperatuse: [355 O DisplayExper, ve. LEWICE Dol Image

ACOUREEE L ;i Lol

presteTe ] o [Se =l

MBS MY [= -

WCOHEIE =l A =T

AC040AL2 S Tie: [ min | My ok Fies

L4030 _ Clers

ﬁg&ﬁé Linkpd Fourt ID; m:ﬂ SHlceVaE ssiskanl

Aoia0ez eesngfision [z | P

AL =

AT 2 Accum Param/Chond |1 15975 RaciealadFios

AN

Flecoms Seleciect 1 = A ParaundL . ct 6 068357

Tasge! Disectony los Mstput Files: |E:Uq,l'w'orkF.k-s*'l.l|:igﬂnd#aiaulummﬂpﬁw%hﬂﬂi’ﬂﬂmwhﬂm

Specily Dalabaze Subzel for NW] Cinale Summady Exoel Filel] | Sawe lee Shape leage Towonl File ]

51 FM

Figure9. Screen shot of the frmDBToXL form, used to view and/or
output user-selected database data.
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frmLoadConditions Ie - -
-I—he form Clated Wlth thiS = Manage Database Records 8 Conditions Data

; ; : Database File Name:
mOdU|e' dlsplayed In Flg 10’ Can ]E:‘.My‘w'olk Filzs' cinghoeV alEssiztantV aldationUtiityD st aFileshD atabassFiksh cindValdaliD BRe  Bromwse..
be used to upload/download icing

conditions data to/from the J Conditions Excel File Name:
database as well as to add. delete JE:\HyWulk Filzz'l cing\lcetfalEssistantBil:DVDFiezRew D ithb odsF ol hiinSWhiinal\FinalCondlions  Browse..

and/or update selected database

Irixd

Database Run IDs: Excel File Run IDs:
records. FINITEE]] f] A0046230 E'
ACDMB25 ALCDMB2ZE
ACDMBZ4Z ACT4E242
ACD48330 AC045320
ACDMB335 ACNBIEE
ACDMB342 ACD4E342
ACDEE4 0 ACD4E420
ACDMB43E 40048435
ACDAG442 ALD4E442
ACDLERI0 ACD4EEZD
ACDME535 AC040525
FAmuticiat el ACD4EE12 ~
ACDHBEID ACD4BEID
ACDMBEZS ALMBEZS L
ACD4BEIZ ACD4BE4Z
ACDHE7I0 ACDME720
ACDMBTEE ACDEETEE
ACDEATHZ ACD4ET4Z
ACD4EE0 ACO4EE2D
£ T | 2| Sekatan | |-
Total Recoeds: 3076 Total Records: 2078
Selected Records: 1 Selected Recods: 0
el =
Delete Selected Database Run IDs Update Databaze Conditions for F IL,I';'I:'le ;'nl.
and All Azzociated Data from Databaza Selected Excel File Aun/Case 1D c,us:. :
Add Condilions Data for Selected Database Initialize/Replace All Databaze Conditions
Aun 1Dz to Current Conditions Excel File Data with Yalues from Conditions Excel File
Output Conditions Data for Selected Databaze . i -
Run ID's to Mew Conditions Excel File View Conditions File in Excal | View Error Log

Figure 10. The frmL oadConditions for m, used to manage database
recordsin general, and to upload or output database conditions data.

frmXLToDB

Excel file data may be viewed and/or uploaded to the database via the interface provided by this form, shown
inFig. 11.
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s Uiplmad Excel Data b Access Database .l.l_lr‘ %]

Database File Name:
|C:Ny‘w’0d& Fi=s'cing') cealE ssictart' W abdatiord oD ataF e s \DiatabeeFiles ' cing¥ aidestiorlDER evZ_01Te Browse.,

Excel Files Directony: - conans 264 Evosl Files:
S - -~
l = ACT4RTELE s
A ACDABAELE s
My Wwiork, Fles ACO4BSELE s
=] ACIABSFILE
AlceValE ssithant ACO4B7ELE

ABRIVDFleSev2uihModsF oIty S ety

=1 ACOAS0ELE o

LCazes AC04T13ELE M5

ACDA3ZELE ok
ACT0335ELE vix
AC10352ELE b
AT 0354ELE =l
AC103552ELE sk
LT 03555LE o
AC1D35AELE
ACTI37IHELE b
AC103733ELE wls
ACTIITEELE sty
AC1 0381 3ELE s

AC10801360E sk =l
Musizesr of fles selected: 1

View Gelected Fille in Excel I Select All |

Dutput Data from Selected Filalz] lo D atabaze |

YWimw Databaze Updsts Exror Log | Caraced [rata Dulgl

| 41 PH

Figure 11. ThefrmXLToDB form, used to view and/or upload
experimental run data from Excel input files.

frmFiXLFile
The frmFiXLFile form, displayed in Fig. 12, is used to correct the format of input files whose layout does not
conform to the system’ s expected Excedl file input format.

—
. Modify Encel Fille Layowt ‘Jﬂlﬂ
Excal Files Directony: _conteire: 264 Excel Flss
EB x| [ACMBZELE -
ACMBIELE oe
p= o ACMBEIELE v
= W Witk Fles ACMASIELE v
=y AC4OGIELE
=L ADMEFIELE 4o
(e ssistant ACMBIELE e
{ABRTVDFbeaRev2athHodsForl S ACOHB9ELE s
= [C] ADMSIELE ke s

(o Gt BOMETELE sk
SHETELE

AC03GAIRLE vk
ACFAGLE vk
ACIHTSIELE o

Murrbes of fles selected: & Salact All
For each file selected... _I
Saurce Call Target Cell Target Worksheel(s) i
(Mina coments of this call..) (-t this cell) [.on these Warksheets)
[o7 = |Ei = [bee Tracing 7| anp ice Tiscing Lew =]
[a7 | 3 | [loe TacngEx 7] &M flce Tiacirge =)
|I7Ii' j IHI\‘. :I |Im Tracang nipl :J AHD Ilca Tiacig LewE s :I
[ 3 g = ano] 3
r m%m Viaw Update Log ] Wit Surluedisl Exesd File | Update Files ]

Figure 12. The frmFiXLFile form, used to modify the layout of input
Excel files.
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frmNewDir

This diaog, shown in Fig. 13, is
available from either the frmAirfoilDatalO
or the frmDBToXL form, and is displayed
when the user chooses to create a new
subdirectory.

i, Create Subdirectory

Subdirectory name:

Cancel |

Figure 13. The frmNewDir dialog, which enablesthe user to
create a new subdirectory.

frmQuer

The frmQuery form, shown in Fig. 14, and accessed by clicking on the frmDBToXL form’s “Specify
Database Subset for Display” CommandButton, provides the user with an easy-to-use, graphical mechanism for
specifying database “ queries,” or requests to the database to provide a specific data subset for display.

= L. TS BT T s
=10
Define Database Records Subset
(To display a subset of database records, specify selection criteria for one or more items)
Enter search pattern|s] in textb [Use = for wildcard: comma as patt: parator; e.g. *xx.“pp,*zz):
Run D || Altemate Fun ID:I Linked Run ID:
Select criteria from the listed field values, as appropriate [Use Ctil or Shift keys for multiple selections):

Lead Engineer: Test Objective: Airfoil 1D Drate: Span Location: |
Addy a CRREL Clustering 1988 a 14" N
Anderson Facility Standards 1991 18"

Chen Flight Cornparison 1995 i
Gent ass Loss 1936 18"
| Lee Madern Airfoils 1997 188"
Miller NTSE 1998 24"
Millersdddy Residual lce Test 1939 28"
Oldenburg Jid a0 x| fzm 7
Selection Criteria #1 AND/OR Selection Criteria #2
Chord: [ =l inches | =] [0 = inches
P A Speed: I *[all) j I knots I j I *[all) j I kniots

ADA: g deg | IS [ [T | deg

Total Temperature: I * [all) j I °F I j I *[all j I °F

LT [0 =] gm | 2| [ren ] o

WD I *[all) j I wm I j I *[all) j I jrn

Spray Time: [<an =] mn | = [0 = min

Freezing Fraction: | “fal) x| | I = I “[al) 7] |

Aceum Param/Chord: | *[all) j | I j I ® [al) j |

acoum Param/LE.d: | *(al) 7] | | = ] =]

Clear Form | 0K | Cancel |

Figure 14. Screen shot of the frmQuery form, used to set up database
querieswhich per mit the display of user-selected data subsets.
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frmLogin r"- s r————
The Database Login dialog, shown in Fig. 15, ! x|

serves as the system interface to the Microsoft Access .

database, with the module containing the logic _
required to process a user's login and assign Passward: |
appropriate access privileges. The didog can be
accessed either directly, by clicking on the frmMain
CommandButton labeled, “Log in to Database,” (see
Fig. 7, above) or indirectly, by performing an action
which requires access to the database.

Uzer Mame;

Change Passward | k. | Cancel

Figure 15. ThefrmLogin dialog, used tologin
to the database and assign access privileges.

-l The extended form of the Database Login

' x| dialog, displayed in Fig. 16, is enabled by

clicking on the dialog's “Change Password”

User Name: IGuestID CommandButton once the user has logged in to
Password the database. This form of the dialog can be used
a - ' I to change the specified user’ s password.

i Change Pazsword | 0OF. | Cancel |:

—Change Pazsword

0ld Pazsward: I

Mew Pazsword: I

Confirm
Mew Pazsword:

Ok Cancel

Figure 16. Extended form of the frmL ogin dialog,
used to change the specified user’s password.

VIl. Known Issues/ Future Work

While the currently existing system has met all the existing system requirements, there are nevertheless areas of

future work which would ultimately result in an improved product. Theseinclude:
1) Migration to a higher capacity, more robust and/or public domain database, due to the limitations imposed

by the use of Microsoft Access;
2) Enhanced error handling;
3) Enhanced database security;
4) Implementation of animproved help system, including an electronically-accessible User’s Guide;
5) Incorporation of user-requested enhancements, such as the ability to overlay two user-selected images, or

the addition of selected fields to the database; and
6) Integration of the IceVal system into the Glennl CE framework.

VI1Il. Conclusions

With the release of the IceVal DatAssistant icing data management system, the icing community now has
access to a comprehensive, electronically-searchable ice shape database via an easy-to-use, full-function,
interactive GUI. This system currently provides the ease and reliability of access, as well as the consistency
of data format, to enable more thorough, less costly icing software validation, while simultaneously
enhancing the potential for future upgrades to existing techniques and/or the identification of new quantitative
approaches. IceVal provides experimentalists with a tool that can be used to improve experimental testing,
and aircraft design engineers with a mechanism to increase the efficiency of the aircraft design process. At
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the same time, the IceVa system facilitates the process of performing the type of broad-based, all-
encompassing investigation that might one day lead to new and/or improved analytical methods, and lays the
foundation for future enhancements to icing data management procedures and products.
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