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Excel in ME: Packaging Add-ins and Providing Online Help
Abstract

Microsoft Excel is a ubiquitous software tool that provides an excellent electronic format for
engineering computation and organization of information. This paper reports on the second year
of an NSF CCLI Phase I project to implement a sequence of Excel modules for use in the
Thermal Mechanical Engineering Curriculum.

Several modules were developed in the first year of the program including several for Heat
Transfer. These modules have been integrated and significant online help modules developed to
assist the user. Additional integration occurred in the second year of the NSF project with
module development assisting in Energy Systems Design engineering calculations. The method
for developing these modules mimicked the approach used in development of the Heat Transfer
modules. Similar online help was developed for the Energy Systems Design modules. Details of
the help compiler process, which are not widely documented, are described. Example problems
illustrating sound engineering workbook solution techniques and access to the help files are
given.

Introduction

In the mechanical engineering curriculum, consistent organization remains a key to successful
teaching and learning. The mission of presenting students with the most straightforward and
accommodating software learning environment requires great organization and tedious planning.
These organization and support methods must also be readily available to offer optimal “user-
friendliness.” Although several Microsoft Excel-based modules for use in the mechanical
engineering curriculum had been developed and made readily-available via download over the
internet, a re-evaluation of the project status determined that a more consistent organization
format was needed. Also, the ability to offer more assistance to the user beyond the user-defined
function descriptions was clearly desired. Through discovery of many of the seemingly
unlimited features in Microsoft Excel, it was determined that the developed macros could be
easily rearranged. Also, internet research proved that a compiled help file could be created and
applied to the Excel-based modules in order to offer more “user-help.” In the interests of
providing maximum classroom time for applying the learned material of the course, the
previously developed Excel-based modules were rearranged and paired with compiled “user-
help” files in turn allowing students to solve more complex problems in the thermal mechanical
engineering curriculum.

Prior status of Modules

The prior organization of the developed modules resulted from the order in which they were
created and subsequently tested in their “beta” phase. Since module development mostly
occurred in conjunction with the teaching of a course, modules were created as separate entities
for each specific topic in the course. As these modules developed individually, they were then
made available to users enrolled in the courses where they could be evaluated for further
development.
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Prior Add-In Status

All developed modules were converted to Microsoft Excel Add-Ins'. The conversion of these
developed modules into Add-Ins from within the Visual Basic (VB) editor requires the editor to
save the Visual Basic code as a .xla (Office 2003) or .xlam (Office 2007) file extension'. With
these files in the Add-In format, they could now be posted on-line and made available for
download by students. A central location for accessing these Add-In files was needed. As a
result, a project website' was created where each topic specific Add-In was posted on a page for
the corresponding course along with a description of the Add-In’s contents'. Figure 1
demonstrates the original website organization and Add-In tool distribution for the two courses,
Heat Transfer and Energy Systems Design.

Excel in ME Website

Heat Transfer (ME 309) Webpage Energy Systems Design (ME 415) Webpage

N

1-D Conduction.xlam
Radiation.xlam Fin Efficiency.xlam Viscous

Pump.xlam

Hardy.xlam HX Effectiveness-

NTU.xlam

Figure 1 Original Excel in ME website organization

The Heat Transfer webpage offered the three individual Add-Ins shown above Nusselt.xlam, 1-D
Conduction.xlam, and Radiation.xlam. The Nusselt Add-In contained nine functions for
calculating Nusselt numbers according to the correlations given in the heat transfer text’. The
1-D Conduction Add-In contained six functions for transient heat conduction solutions, and the
Radiation Add-In included five functions important for solving radiation heat transfer problems.
The correlations used for the 1-D Conduction and Radiation Add-Ins were also taken from the
heat transfer text mentioned above.

The Energy Systems Design webpage offered the four individual Add-Ins Fin Efficiency.xlam,
Hardy.xlam, HX Effectivness-NTU.xlam, and Viscous Pump.xlam all seen above in Figure 1.
The Fin Efficiency Add-In, containing efficiency calculators for six different types of fins, was
developed from a spreadsheet and equations given in the heat transfer’ and energy systems
design’ text. The HX Effectiveness-NTU Add-In included effectiveness-NTU relations for eight
different heat exchanger types and was also developed from both the heat transfer and energy
systems design course books. The Hardy Add-In supplied functions for calculating values of
flow and head loss in piping systems using Hardy-Cross and Darcy-Weisbach relationships given
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in the energy systems design course manual referenced above. Finally, the Viscous Pump Add-
In provided two different functions for calculating corrected pump curved data for high viscosity
fluids. This Add-In utilized a relationship provided in the energy systems design text.

With this website structure, each new topic covered in the course required users to visit the
on-line site and download the matching Add-In for that problem type. For example, a student
needing to solve a radiation heat transfer problem would have to visit the website in order to
download and install the appropriate Radiation Add In or Radiation.xlam file. This organization
is perhaps beneficial to the casual user not needing help with all topics in a particular course.
However, students in particular can be burdened by managing multiple Add-Ins for each course.
Therefore, it is reasoned that a re-packaging of the modules was needed to promote consistent
use throughout the length of a course.

Prior Help Status

As part of development of the modules for Heat Transfer and Energy Systems Design, several
forms of user help were created. Microsoft Excel offers several ways to incorporate help for the
user of an Add-In. Also, help was created in PowerPoint files to assist the user in Excel
navigation and operation of specific user-defined functions.

Perhaps the simplest way to integrate help into Excel user-defined functions is to type a function
description directly into the Macro Options window. This Macro Options window can be found
on the View tab in Microsoft Excel 2007 and is seen below in Figure 2.

Macro Opticns Iili_hj

Macro name:
Vis_pump_QHE

Shortcut key:
Chrl+-
Description:

Returns corrected pump curve data For high viscosity fluids,
Input af a 4 x 3 matkrix of Flows(GPM), heads('ft",and
efficiencies For best efficiency point, Also required is viscosiky
(5511} To execute, highlight: cell range of 4x3 and call by
Ckrl+Shift-+Enter

(0] 4 ] | Cancel

e

Figure 2 Macro options function description input window

The function descriptions can then be seen the next time the function is used. When a user
employs the Insert Function button in Excel, a window appears showing the function arguments
and supplied description.

The user-defined function descriptions can also be entered or typed into the VB code. This
method allows the developer more freedom to categorize the functions for a specific group. For
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example, the group of functions dealing with calculations of Nusselt numbers can have their own
“Category” as seen below in Figure 3.

-

: §
Insert Function wﬁ

Search for a function:

Type a brief description of what you want to do and then click ' &0 |

Go

Nusselt Number
Or select a category: Musselt Number 47 E “Category” Heading for

Select a function; User-Defined Functions
-
MubBarCl
MuDBarLamTube
MuDBarSphere
MNuDBar Tubes
MuDBarZTubes
MubLigMetals sl

NuBarPlate{Re Pr.Reuc Quist)

Average Musselt number for convection over flat plate, Properties at film
temperature. Re - Reynolds number, Pr - Prandtl number, [Optional Re_xc -
Critical Re For Turbulent flow, default 551, [Optional Quiet = TRUE to suppress
warnings].

Help on this function i_ 0K ] Cancel |

b ¥
Figure 3 Insert function window with category designation

By utilizing the Macro Options command and inserting the following example character string in
VB, a category will be created according to whatever is placed in the last argument of the
MacroOptions Application.

Application.MacroOptions Macro:='"NuBarPlate', Description:="'Average
Nusselt number for convection over flat plate. Properties at film
temperature. Re - Reynolds number, Pr - Prandtl number, [Optional Re_xc
- Critical Re for Turbulent flow, default S5e5], [Optional Quiet = TRUE to
suppress warnings]'', Category:=''"Nusselt Number"'

Although this particular mode of help is useful, the extensiveness of the help is limited by
several factors. These limitations exist due to the inability to supply schematics, figures, or
equations. Also, each function description is restricted by the letters, numbers, and symbols on
the keyboard as well as a 255 character count.

The help files created in Microsoft PowerPoint were designed to assist the user not only with
specific user-defined functions but also general Excel tips. The PowerPoint tutorials available
for download from the project website include topics in the use of Add-Ins, general Excel tips,

and Energy Systems Design-Heat Transfer functions. Each tutorial includes a description of its
contents below the download link.

Once all of the descriptions for the user-defined functions were finished, a reevaluation of the
project progress determined that the provided modes of help were still lacking in the extensive
detail and availability that was desired by the research team. A more extensive help would
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provide the ability for more informative wording, figures, schematics, and equations. The
discovery of the “Help on this function” link, seen below in Figure 4, served as an impetus for

[ Insert Function L?’_|d_3-j

Search for a function:

Type a brief description of what you want to do and then dlick .- Go |
Go —————

Or select a category: | Musselt Mumber EI

Select a function:

I -
MuDSarCyl

MuDBarLamTube

MuDBarSphere

MuDBarTubes

MuDBarZTubes

| NuDLigMetals b
NuBarPlate(Re,Pr,Rexc,Quiet)
Average Nusselt number For convection over flat plate, Properties at film

temperature, Re - Reynolds number, Pr - Prandtl number, [Optional Re_xc -
Critical Re for Turbulent Flow, default Se5], [Optional Quiet = TRUE to suppress

|

“Help on this function”

Link for User-Defined _mmm;higfn;mn oK [ cancal |

Functions

Figure 4 Function help link

the next step in the research project. More extensive user help was desired. Consequently, a new
level of integration presented itself for study and implementation.

Repackaging Heat Transfer and Energy Systems Design Modules

While a casual user of the Excel in Mechanical Engineering website may find the prior module
organization sufficient, a more frequent visitor might find the organization cumbersome and
possibly discouraging. The aforementioned design is unique in that it allows a user the option to
‘pick and choose’ which Add-Ins he or she desires to have. However, several significant
advantages are realized by combining several modules into one larger Add-In according to their
course designation. The main motivation for repackaging is to maintain one Add-In per course.
So, the Heat Transfer course will have one Add-In. Accordingly, the Energy Systems Design
course will have one Add-In. Therefore, a more user-friendly design becomes available from
within the Excel environment.

As was mentioned earlier, students in a particular course can become easily burdened by
managing multiple Add-Ins for each course. A more advantageous re-packaging of the modules
would include the combining of all topic material (separate Add-Ins) into one new and bigger
module for each course. This is a more practical layout as opposed to asking the user to
download and install multiple times over the length of the course. While maintaining one Add-
In per course was the primary motivation for the repackaging project, several other advantages
are realized from this new organization. First, one single Add-In is not that much bigger in size
compared to having numerous Add-Ins for the same information. One combined Add-In for the
Heat Transfer or Energy Systems Design courses could be somewhere between 60-100 KB.
Second, the Category application mentioned earlier provides a way to group all applicable
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functions into one sub-heading such as “Heat Transfer”. Third, only a single download and
install for each computer the user chooses to supply with the Add-In is required. This allows for
and encourages consistent spreadsheet solutions necessary for well-documented electronic
engineering calculations®.

The process for combining several smaller modules into one larger module is fairly simple. This
new organization scheme becomes a matter of creating a new Visual Basic for Application
(VBA) project and combining the VB code from all separate modules. For example, the module
for the Heat Transfer course can be seen below in Figure 5.

‘8 Microsoft Visual Basic - Bookl - [HX_eff NTU (Code)]

4% File Edit View Insert Format Debug Run  Tools  Add-Ins  Window Help

ME-d | ¥ TR w :
Project - VBAProject =3 | I propemvomenmy == [ P
— |\\.".7 ey '_‘I ]lllc\rlllld
03 4 z 'NTU Method
ﬂjSheetZ{Sheerzj - 'Source Hodge and Taylor
%Sheetﬂsheem 'Table 2.1
ThisWorkbook
= @vBmﬁroject (Heat Transfer.xlam) Function HY eff(Index As Integer, NTU A= Double, Cmin
#- (1] Microsoft Excel Objects
=55 Modules C = Cwin / Cmwax
w3 Conduction Char = 1/ C
ﬁDescriptions =
ver Fins
wad HX_eff_NTU If (Index < 1 Or Index > 8) Then
qﬁ{Malh HsgBox ("Index must be entered as an integer. 0 < Im
vy Musselt End If
w3 Radiation -
TF Twmdav = 1 Thaw

Individual modules all
grouped under the
Heat Transfer.xlam
VBA Project

Sample code from
HX_eff NTU module

Figure 5 Visual Basic Editor for combining into one Add-In

In the Heat Transfer Add-In, the VB code is split into its several different modules as seen on the
left of the screenshot. There are separate modules for the function descriptions, conduction
functions, fin calculators, heat exchanger-effectiveness relationships, Nusselt numbers, and
radiation functions. However, they are all part of the same VBA project and remain as one
single Add-In. On the right of the screenshot is a view of the sample code from the heat
exchanger-effectiveness relationships module. The same method was used for creating the
Energy Systems Design course Add-In. Figure 6 below demonstrates the grouping of the new
course Add-Ins.
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Heat Transfer.xlam (ME 309)

Radiation.xlam

Excel in ME Website

1-D Conduction.xlam

Fin Efficiency.xlam
HX Effectiveness-NTU.xlam
Hardy.xlam

Viscous Pump.xlam Energy Systems Design.xlam (ME 415)

Figure 6 New organization of Add-Ins for each course

Previously, the Heat Transfer webpage offered the three individual Add-Ins shown above
Nusselt.xlam, 1-D Conduction.xlam, and Radiation.xlam. During repackaging, a logical
decision was reached that prompted the developers to assign all course material pertinent to heat
transfer in the heat transfer Add-In. Therefore, the contents of the Fin Efficiency.xlam as well as
the HX Effectiveness-NTU.xlam were grouped with the rest of the previously designated Heat
Transfer Add-In. The material that was left over would be assigned to the Energy Systems
Design Add-In. This included only the Hardy.xlam and the Viscous Pump.xlam.

The new Add-Ins are posted on-line and have been made available at the same location for the

project website(www.me.ua.edu/ExcelinME). A view of the Heat Transfer web page can be seen
below in Figure 7.
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HOME
_ ME309: Heat Transfer
PERSONNEL This course is the first in heat transfer for the mechanical enginesring students. It
contains both fundamental concepts and applications. The course is divided into three
THERMODYNAMICS approximately equal sections—1) one- and two-dimensional steady conduction and
one-dimensional transient conduction;, 2) convection concepts, boundary-layer
HEAT TRANSFER concepts, external flow and heat transfer aver flat plates, cylinders, and banks of wbes,
and thermally developed flow in pipes and ducts; and 3) radiation concepts, black
THERMAL SYSTEMS hody enclosures, and diffuse-gray enclosures. In addition a brief introduction to heat
TUTORIALS exchangers is included

Excel Tools Developed for ME309:

The following are excel addins and modules developed for use in the ME309 course
Right click the links and select "Sawve Link Target As" to download the files. Visit our
Tutorials section to learn how to utilize themn

bW N e

These modules contain 1-D conduction functions, Nusselt number correlations, fin
efficiencies, effectiveness-NTU relations, and some radiation functions.

Heat Transferxla  (Excel 2003)

Heat Transfer xlam (Excel 2007)

Figure 7 Sample screenshot of heat transfer web page

A short course description as well as an explanation of the capabilities of the Heat Transfer Add-
In is provided. Also, links to tutorials on the website are provided for assistance in using
Microsoft Excel and in particular using Add-Ins. The combined format of the modules offers a
cleaner and more user-ready environment for Excel-based mechanical engineering calculations.

Microsoft HTML Workshop

After a thorough internet research, a connection was discovered between the “Help on this
function” link in Microsoft Excel and its ability to support Microsoft Compiled HTML Help.
Microsoft HTML Help Workshop is a help authoring toolbox for developing a set of web pages
in subsets of HTML along with hyper-linking capabilities for a table of contents, index, and
keywords4. Microsoft Compiled HTML Help was first released with Windows 98 and is still
supported up through Windows Vista. Most Windows packages come with the HTML Help
Workshop pre-loaded. The most recent version, the HTML Help Workshop 4.74.8702.0 can also
be found on the internet at the Microsoft Developer Network (MSDN) web site”.

One unique characteristic of the HTML help compiler is its ability to compress HTML and
graphics into relatively small compiled help (.chm file extension). These files can then be
distributed with software or downloaded from the internet. Instruction for creating help projects
is hard to locate on the internet and little guidance is offered by Microsoft. To provide assistance
in methods for developing help projects, several screenshots with explanations will help to
solidify the background information needed to create a compiled help file (.chm) from the
developer’s standpoint. Upon running the HTML Help Workshop, the user first has to create a
new project. The home screen appears and can be seen in Figure 8.
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File View Test Tools Help

Dl=| gl @

Froject ICDnlemts' Index |

[OPTIONS]

Compatibility=1.1 or later

Compiled file=Help E xample.chm

Display compile pragress=Mo
Language=0x409 English [United States)

o m|da-@1|ﬂ

ChUsers'Jaseph'Desktap\Help Example.hhp

Figure 8 HTML Help Workshop home screen

To begin creating the pieces of a project, the developer first creates a new HTML Help file under

the File tab. The developer is then asked to provide a Title for the HTML file as seen in Figure
0.

- N

Untitled | [=[=]=]
<DOCTYPE HTRWL FUBLIC "-MIETESDTD HTRLYEM">
<HThL>
<HEAD>

<meta name="GENERATOR" content="Microsoftdreg; HTMML
HelpWoarkshap 4.1">
CTITLE>Untitled ¢/ TITLE >

<HEAD > .
<BODNS HTML Title

Enter the title for the HTRL file:
<BO0Y> UserDefinedFunctior|
<HThL>

x|

Figure 9 Create and name the help file windows

Once the help file has been created, there are really no limitations as to the extent of detail that
can be supplied. Any HTML code can be supported as well as several options for the developer
to change background colors and the help pop-up window size. Therefore, figures and graphics
can be provided through the use of the HTML Help Image Editor which is installed in
conjunction with the HTML Help Workshop. Any kind of figures can be pasted into the HTML
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Help Image Editor. For example, the scanned image in Figure 10 below was opened and saved
as a bitmap (.bmp) so that it can be inserted into the HTML code for a particular help file.

) Microsoft HTML Help Image Editor Version 4.73 - [iAjosephflash\html help\helpprojectsht help\fin_eff r..l:cosl = imbm

BMP

@ File Edit View Colors Capture Window Help

==

o WGl | ol BRlE wlm ®moe B85 6o

E >

|
|
|
|

e [ ——

——r"

|
-

Y

2

[226 x 210] {calors: 1 milhon)

Figure 10 HTML Help Image Editor sample screenshot

Once all the desired information is entered into the HTML help file(.htm extension), it should be
saved. A table of contents (.hhc extension) can be created from the Contents tab in the HTML

Help Workshop. By inserting a page in the Table of Contents entry, the dialog box in Figure 11
will appear.

Table of Contents Entry [EzA

General l Advanced

Entry title: Available information twpes:

]UserDefinedFunction

Add ] Edt.. I EEiHe

Filez/UR Lz and their information types:

I serD efinedFunction. htm

Alternate URL:

Add/Edit...
Ok | Cancel |

Figure 11 Table of Contents entry window in HTML Help Workshop

The Entry title slot provides the option for naming the particular Table of Contents heading that
has been added and therefore linked to the specific user-defined function help file(.htm). This
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name will appear again when the compiled help file (.chm) is running in an open window. The
Table of Contents allows for instituting a function hierarchy or organization system with Folders
concerning broad topics, for example Nusselt numbers, and a subset html page for a specific
user-defined function, such as NuBarPlate for calculating averaged Nusselt number over a flat
plate.

The last important piece of the HTML Help Workshop involves creating an Index header file(.h
extension) in order to provide capabilities for linking a particular help file with its corresponding
user-defined function in Excel. Figure 12 shows a simple Index file created in Notepad that
assigns a number value to each particular Excel user-defined function.

“| IDH_HEADER - Notepad = B
Eile Edit Farmat Yiew Help

#define IDH_NUBARFPLATE 1000
#define IDH_NUXPLATE 1001
#define IDH_MNUDEBARSFHERE 1002
#define IDH_MUDBARCYL 1003
#define IDH_MUDBARTUBES 1004
#define IDH_NUDBARZTUBES 1005
#define IDH_MUDBARLAMTUBE 1006
#define IDH_MUDTURBTUBE 1007
#define IDH_MUDLIGMETALS 1008
#define IDH_Hx_EFF 2000
#define IDH_Hx_EFF_L1 2001
#define IDH_H»x_EFF_2 2002 |
#define IDH_Hx_EFF_3 2003 |7
#define IDH_Hx_EFF_4 2004
#define IDH_HX_EFF_5 2005
#define IDH_HX_EFF_G& 2006
#define IDH_Hx_EFF_T 2007
#define IDH_Hx_EFF_8 2008
#define IDH_Hx_MTU 3000
#define IDH_Hx_MTU_L 3001
#define IDH_H»_NTU_Z2 3002
#define IDH_H»_MTU_3 3003
#define IDH_Hx_NTU_4 3004
#define IDH_Hx_MWTU_S 3005
#define IDH_Hx_MWTU_& 3006
#define H-_NTU_7 3007
#define H-_NTU_S 3008
#define IDH_RADIATION 4000
#define IDH_FIJ_ALIGN_PLATES 4001
#define IDH_FIJ_ALIGM_DISKS 4002
#define IDH_FIJ_FPERP_PLATES 4003
#define IDH_WAVEBAND 4004
#define IDH_PLANCK 4005

Figure 12 Sample index file

The developer ultimately will have to re-visit the VB code in order to assign these number values
to each function as another Macro Option application. Once the steps of creating and saving all
of the help files (.htm), the table of contents file (.hhc), and the index file (.h) are complete, the
developer should then go to the Save all files and compile button on the Project tab within the
HTML workshop. Performing this step will create the compiled help file (.chm) that will be
used to link to the “Help on this function” in Microsoft Excel. These basic screenshots are only
a brief introduction of the many capabilities of the Microsoft HTML Help Workshop.

Writing Help Files for Heat Transfer

The task of writing help files for each course Add-In can become a considerable undertaking
depending on the depth and detail desired in a help file and the number of user-defined functions
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that need additional help beyond the function description. In order to develop the Heat Transfer
compiled help file, a system was devised to help complete the development of nineteen
individual help files (.htm) into one compiled help file (.chm).

Help files for each individual function were written to compliment the function descriptions that
already existed. Care was taken to explain to the best capacity, the details of each function
argument and expected output. This was done by providing supplemental figures and equations,
all saved as bitmap images (.bmp), and linking them into the help file (.htm). These figures and
equations for the help file were edited in the HTML Help Image Editor. Sample HTML code for
the function that calculates averaged Nusselt number for flow over a flat plate is provided below
in Figure 13.

<IDOCTYPE HTML FUBLIC "-AETRYOTD HTMLYEMN"> -
<HTHL>

<HEAD>

<meta name="GENERATOR" content="Microsoftdreq; HTML Help Workshop 4.1">
<Titlex*MuBarFlate</Title>

<HEAD>

<BODY>

<B>MuBarFlate(Re, Pr. Rexc, QUIET) </B></r>

This function returns the <>awveraged</l> value of the Nusselt number for flow over a flat
plate using Equation 7.31 of Incropera, etal [1].

<p>The user must supply the Reynolds number(<B>Fe</B>) for the length of the plate
and the Prandtl number(<B>Pr¢/B>). The film temperature should be used to evaluate
all properies.

m

<p>

The last two argquments are optional: <BrRe<subrxcg/sub></B> is the fransition
Reynolds number and will be taken as <B>500,000</B> if left unspecified. QUIET is a
boolean wvariable which defaults to FALSE, butwhen specified as TRUE causes
suppression of amy MsgBox error output from the function.

<>

<p>

[11Incropera, DeWitt, Bergman, Lesvine, <em>Introduction to Heat Transfer</ems, 5th
Frlitinn -

Figure 13 Sample HTML code for a help file

The major components of each file include the title and the body. The body contains the
function call and arguments, detailed descriptions with unlimited character space, links to
images, and a citation for the supplemental text that a user should refer to for additional
information. The highlighted line is the link to the bitmap image named
Laminartoturbulent.bmp. The corresponding HTML code for linking that image to the help file
is

<img src=Laminartoturbulent.bmp>.

In order for the image to properly link to the appropriate help file, the image must be saved in the
same folder as the corresponding help file. Proper care was taken to give credit to all scanned
images and figures as well as equations for the Heat Transfer help files’. The Table of Contents
and Index files allowed for organization and clustering of the whole help module. The compiled
help file view can be seen in Figure 14.
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% Help P -

w - & O
Hide  Back  Print  Options

LContents l Index ]

NuBarFlate(Re, Pr, Rexc, QUIET)

(23 1-D Transient Conduction This fanction returns the averaged value
g :':"” E::'C'?”CP i of the Musselt number for low over a flat
X ecliveness nelalions: : :
3 Hx NTU Relations plate using Equation 7.31 of Tncropera, et
| Bl 3 Musselt Murnber al [1]
[E] MusPlate

The user must supply the Eeynolds
| %j NuDBarCyl mumnber(Re) for the length of the plate
=] NubBarSphere atrd the Prandtl number(Pr). The film

=] MuDEarTub
% N:DB::;uebses temperature should be used to evaluate

El MuDBarLamTube all properties.
[£] MUDTwibT ube
[£] MuDLighetalz < ; >
Laminar | Turbulent
|21 Radiation A
&l 2 ].:I
— N

Figure 14 Compiled help file view

Several internet sites provide assistance on HTML code for beginners. In particular, Alan
Wood’s website provides lots of pertinent information on HTML code for symbol font of Greek
and special characters®. These are especially useful for writing help for equations in the Help
Workshop.

The compiled help files (.chm) files can be downloaded off the internet also at the project
website and placed in the same folder with the add-in. Once downloaded, the user needs to visit
the Properties of the file to “Unblock” the Security prevention mechanism as seen at the bottom
of Figure 15. Then the user will be able to view the help file via “Help on this function” as long
as the Add-In(.xlam) and the help file(.chm) are in the same folder.
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| & HeatTransfer Properties

General |_Securit_l,l l Details |

HeatTranzfer

Typeof file:  Compiled HT ML Help file [.chm)

Opens with: @ Microsoft® HTML Help Change...

Laocation: C:AUzersh) ozephtDesktop

Size: 1.34 MB (1,412,000 bytes)
Size on dizk: 1.3 MB (1,413,120 bytes]

Created: Today, January 23, 2003, 17 mirutes ago
Modified: Today, January 23, 2009, 1:35:54 PM
Accessed: Today, January 23, 2009, 1:35:44 PM

Atributes:  [T]Read-onig 7] Hidden Advanced... |

Securty: This file came from another
carmputer and might be blocked to lobinolc |
help protect thiz computer.

[ O, J[ Cancel ] Apply

Figure 15 Compiled help file security block/unblock

Writing Help Files for Energy Systems Design

The method for writing the Energy Systems Design help file followed the exam same pattern
mentioned above for the Heat Transfer help file. Though there were only eight help files to
write, as opposed to nineteen for Heat Transfer, some of the help files involved very thorough
explanation. The details of the operation of these functions were described to the best capacity
and should supplement students looking for explanation to go along with the text.

Several of the user-defined functions for Energy Systems Design involve array outputs.
Supplemental figures and equations were once again provided to assist in explanation of these
functions. The HTML Help Image Editor supported the considerable number of figures that
became part of the help files. A sample help file for the, Vis_pump_QHE, viscous pump flow,
head, and efficiency matrix describes a function that outputs an array and is presented below in
Figure 16.
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[ HTMLHelp =
N &

Home Frint  Dptions

Vis_pump_QHE(QHE_NMat, vis)
This function returns corrected pump curve data for high wscosity fuds using the
method described in Sechion 4-6 of Hodge and Taylor [2].

The user must supply a range nput QHE_Mat, a 4 x 3 matrer of lows (GPM), heads |
{'ft", and efficiencies (1) for the best efficiency pomt of the pump. Also required 15 |=
vizcosity vis in units of Saybalt seconds waiversal

Vis_pump_QHE outputs a matriz of cells. To execute the function, the user must
hughlight the expected cutput of cells and call the fimction. The output 15 the same size
as the mput QHE Wat (4 = 3. Once all arguments are entered, the keystroke =l
command CtrH-Shift+Enter (Do NOT Press OK) must be used to obtain the
corrected pump curve data Vis_pump QHE.

Corrected Pump Curve Data will appear as:

= = a —

Qiflow) Hi{head) n
Ca" Qg ser *Hu.sqae
Ca" Qo szer
Ca"Qy 0eer 1008
Ca®Qlises Chpazces”Hazase

H
*H
H

Figure 16 Sample help file for Vis_pump_QHE

The help file pictured shows some of the body. The table presented is a bitmap image used to
describe how corrected pump curve data will appear. Once again, in order for the image to
properly link to the appropriate help file, the image must be saved in the same folder as the
corresponding help file. Proper care was taken to give credit to all scanned images and figures as
well as equations for the Energy Systems Design help files’. The Table of Contents and Index
files allowed for organization and clustering of the whole help module. The compiled help file
view can be seen in Figure 17.
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¢ Help
- i

Hide Back Print Optionz

LContents l Index ]

[l 5 Friction Factors

[£] Swamee-Jain Friction Factor
511 Churchill Friction Fachor)

Bl 25 Piping Analysis

a Hardy-Crazs Flow [Darcy]

fric_Churelull(Eps_Dia, Rep) :
Thiz fanction returns the Churckill |
Jriction factor for detenrmining head |
lozs in piping systems using Equation 1-

17ab, and ¢ i Hodge and Taylor [2]. |

a Hardy-Crass Flow [Hazen|
a Hardy-Crozs Head Lozs [Darcy) g \i2 1 1112
a Hardy-Crozs Head Loss [Hazenw/ill foa S[ ( + ]
I Bl &3 Viscous Pumps L\Rep/ (A + B)"®
a Wizoouz Pump Comection b atris

5] Wiscous Pump Correction Factors where

(7/Rep)™® + (0.27¢/D)

{ | |
A= 12457In ]_

and

Figure 17 Compiled help file view

This compiled help file(.chm) can also be downloaded off the internet at the project website and
placed in the same folder with the add-in. Once downloaded, the user needs to visit the
Properties of the file to “Unblock™ the Security prevention mechanism. The user will be able to
view the help file via “Help on this function” as long as the Add-In(.xlam) and the help
file(.chm) are in the same folder.

Example

Problem

An aluminum pin fin 15 mm in length and 5 mm in diameter is integrally attached to a wall
which is maintained at 100 C. Air at 20C flows past the pin at 5 m/s. What is the heat transfer
coefficient and the heat loss from the fin?

Solution

The problem requires use of a correlation to estimate the heat transfer coefficient. The “Heat
Transfer” module function help presents a list of available functions, as seen in Figure 18. The
NuDBarCyl help description indicates this is the proper function for flow over a cylinder. By
clicking on “Help on this function”, the HTML help file for the function is presented as seen in
Figure 19. This help screen confirms that the properties are needed at the film temperature for
the flow, so this is the temperature needed to compute the fluid properties.

The help description and detailed help for the pin fin are seen in Figures 20 and 21. The HTML
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Insert Function

Search far a Function:

Type a brief description of what you want to do and then click, G0
G0
Or seleck a category: |Heat Transfer W |

Select a function;

MuBarPlate

-
MuDBarLamTube

MuDBarsphere

MuDBar Tubes o
MubBarZTubes

MuDLigMMetals il

NuDBarCyl{Re,Pr,Quiet)

Average Musselt number For crossflow owver cylinder. Re - Reynolds number, Pr -
Prandtl number, [Optional Quiet = TRUE ko suppress warnings].

Help on this funckion [ Ik l [ Zancel

Figure 18. List of available functions for the heat transfer module.

E? Help B@@

Hide lan Print  Options

LCantents l [ndes ]

NuDBarCyl(Re, Pr. QUIET)

| 1-D Transient Conduction This function returns the averaged value of the Nusselt mumber

® (3 Fin Efficiency _ for a circular cylinder in cross flow using Equation 7.46 of

¥ [Z3) H= Effectiveness Relations Incropera, et al [1]

# [ Hx MTU Relations PETa. ’

= 23 Musselt Mumber
=] HusPlate The user must supply the Revnolds mumber(Re) for the length D
% MuB arFlate (diameter) on the cylinder and the Prandtl number{Pr). The film
EEHUDE arCyl

temperature should be used to evaluate all properties.
E] MuDB a5 phere

E] MuDBarTubes

E] MuDE aiZTubes
a MuDBarLarm T ube
E] MuDTubTube

£ MuDLigMetals

[ [C7] Radiation

The last argument is optional: QUIET is a boolean variable which
defaults to FALSE, but when specified as TRUE causes

suppression of any MsgBox error output from the function.

[1] Incropera, DeWitt, Bergman, Levine, Infroduction to Heat
Transfer, 5th Edition.

Figure 19. HTML help for the NuDBarCyl function.

8T°T09'tT abed



Insert Function

Search for a Function:

Type a brief description of what vou want ko do and then click G0
G0
Cr select a category: [Heak Transfer A |

Select a funckion:

FijalignDisks
FijalignPlates
FijPerpPlates
fin_eff

fin_eff Ein i

|

fin_eff_pin_5 bt

fin_eff_pin_R{m,L}
Calculates Fin efficiency Far rectangular spines (circular cross-section)-"Found pin
fins'. Input arguments of m and |,

Help on khis funckion [ a4 l [ Cancel ]

CEE
Hide fac Frint  Options

LContents l Index 1

fin_eff pin R(m,L)

[+ 23 1D Transient Conduction
= 4 Fin Efficiency
@ Fin efficiency - Rectangular
@ Fin efficiency - Rectangular Circula
@ Fin Efficiency - Triangular
[£] Pin Fin - Round
@ Pir Fir - Cone
@ Pir Firt - Square
[# [C Hx Effectiveriess Relations
[+ 23 Hx NTU Relations
[+ [C3 Mussel Mumber
[+ [ Radiation
Returns the fin efficiency for rectangular spines "round pin fins"
using Equation 3.95 of Incropera, etal [1].
tanh mL,
f mL,
where m is the fin parameter
m = (4h/kD)'?
and L is the fin length. If the fin tip is not adiabatic_ then L is the
corrected” fin length, L
¢ | Lc =L+ {DM}

Figure 21. HTML help on the round pin fin efficiency function
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help gives the definitions of the “m” and “L.” parameters for the fin and these are incorporated
into the spreadsheet.

The complete spreadsheet solution is seen in Figure 22 below.

I“Eu., ™ R ¥ Example.xlsx -
- - Home Insert Page Layout Formulas Data Review View
# ot -1 A A [ZE==l®] [E | cenen
Paste_p |([B i [ A |2 = =) 2R B (9%
Cliphoard T Font la Alignment = Mum
B2 el S | An aluminum pin fin 15 mm in length and
A B C D E F G H
3 :Given:
4 _L_pin 0.015 m
5 _|:|_|:|'|n 0.005 m
6 |T_hase 100iC
7 |V_inf 5 mys
8 |T_inf 20/ C
9 !
10 |Assume the pin can be treated like flow over a cylinder
11 :Assumﬂthe pin is mostly at T_base to compute T_film
12 [T_film 60 C =(T_base + T_inf)/2
13 |k f 002875 W/m-C  =k_air(T_film+273)
14 {nu_f 1.9027E-05 m*2 /s =kvisc_air(T_film+273)
15 |Pr_f 0.700 =Pr_air(T_film+273)
16 |
17 .RE_Ij 1314 =V _inf*d_pin/nu_f
18 Nu_d 183 =MNuDBarCyl(Re_d,Pr_f)
19 h_d 105.2 W/mA2-C|=Nu_d*k_f/d_pin
20
21 |for the aluminum fin (look up in table)
22 k_al 337 W/m-C
23 compute the fin parameters (consult help file for definitions)
24 [m_fin 188 m =50RT(4*h_d/k_al/d_pin)
25 L c 0.01625 m =L_pin+d_pin/&
26 |
27 _useﬁn efficiency function to compute value
28 |eta_fin 09699 =fin_eff_pin_R(m_fin,L c)
29
30 [g_fin 0.01981 W |=F‘I|:]*d_p1n*L_|:*[T_hase-T_inf]*eta_ﬁn

4 4 » M| Sheetl  Sheetz . Sheet3 - ¥J

Ready ﬂ

Figure 22. Screen shot of Excel solution for the example.
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Conclusions

Through the discovery of the extensive capabilities of VBA in Microsoft Excel and the Microsoft
HTML Help Workshop, a valuable reorganized design of developed modules and additional
“user help” was created to assist students in the use of Excel for spreadsheet-based solution
techniques in the thermal mechanical engineering curriculum. Both relatively straightforward in
nature, the Microsoft HTML Help Workshop and VBA in Microsoft Excel demonstrate excellent
potential for creation of modules to assist in teaching and learning of thermal mechanical
engineering concepts. Excel makes documentation of the solution neat and efficient and at the
same time allows for review or reference in the future. The compiled help files created in the
HTML Help Workshop compliment the modules by providing assistance to the user in areas
where he or she lacks knowledge of a certain subject or the operation of user-defined functions.
The compiled help files can also be valuable in the future for review or reference of material that
has not been studied recently. The ease-of-use and ready availability of both pieces of software
are essential to integration of Excel in the classroom. In engineering studies, uniform
organization and consistent usage of software in the classroom and at home establishes practical
techniques for problem solving.
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