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ABSTRACT

This project is about programming with VBA language which is a language to control
Microsoft Excel for manage result files from test process. This program has been created to
manage result files from test process. It will reduce result files processing time also reduce

possibility of human error in making test reports process.
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2.1 3yaawdn (Visual Basic)

Serauan (Visual Basic) Wuntwaeuiames (Programming Language) Maiulaguiem
llaswony FaduusdmiadrasruudjoRnis Windows lagiin1wnilsinguunannw Basic

VU

do1n91n “Beginner’s All Purpose Symbolic Instruction” v3a “gardsdmiugiSusiu”

Y
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g =] 1A vay 1a A o a =3 a } o 1
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Wosunsy (Fortian) %39 waduLauua (Assembler)
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Tulasvenyid laWaualuswnsun1e Basic iunutudul agwsin1er MBASIC (Microsoft
Basic) BASICA (Basic Advanced): GWBASIC uay QuickBasic FsAnAsuwieuiuszuudfivanis
Ms DOS Tnel99e11 0BASIC Tnglunsazestuldiniswannuazifinifuddssneqdily luedn
TWsunsunewaniviaulagldisnusitomun wiaiionin Text Mode lidflanwnsmiinuuy
s¥uU Windows aghslutiaqtiu aunseiadlesyuudjiiints Windows lafumuisuediegeuay
i Dos Talasvenvidsldanusuusslusunsuniu Basic teafuayunisviheuly

seUU Windows ¥1119 Visual Basic fannufinduunsauauntiu

Tulassanyiwaun Visual Basic viludnuuse@nsa1n Auanunse wagiiuinTeilar1eg
Wy 1A eailansasaauuAlulusinsy (debugger) anmuIndeNroINIIRAILTIUILATY N1SITBY

Tusunsuuuuvanedulaiges (MDI) wazdus

M98 Bun1w Visual Basic agl4Tusunsy Visual Basic (vVB) dmfuimungeiuas 1lu
Tsunaudiléudsuguuvunsdeulusunsull Tneiigasndanaivayunisihou finsesdoss
q M3snfudn eoulnsa (Controls) idmiudaeluniseanuuulusunsy laguiuniseenuuy
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o uarlumsideulusunsutiuagidoutuy Event - Driven Programming Ao WWsunsuagyiaud
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Cancel

Help
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" Don't show this dialog in the future
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3.2 N1999NUY

aseonuuululassnuivaneis nseenuuulaen1sdeulusunsusie Microsoft Excel lng
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l Read CSV file names h

CharSymbol | UserDutNumbers | Data | Table | Userinput | (3) s , 2 s R

A 3.1 wihvegld

ameuuuAonwmtiaedld (User input) fivhniseenuuusiieldsinsu Microsoft Office

Tngagiimsvhauvesdusiigeg fadl

3.2.1 Uu Browse to Folder
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#larfdu msoFileDialogFolderPicker Fufuflsidulunisidentnidned udilvhieguadiaines

Suluuanafisums E5 voewth Userinput Feenunsadsulusunsala s

Set CbiThisworkbook = Nothing
Dim Userdiafolder As FileDialog
pim selected As Boolean
* ppen the file dialog
Set UserdiaFolder = Application.Fileaiaiag(msa?ilenialogfozder?icker)
UserdiaFolder.AllowMultiSelect = False
selected = UserdiaFolder.Show
If selected Then
hisWorkbook.Worksheets {("UserInput®) .Range ("ES") .Value = tserdiaFolder.Selecteditems {1} & "\"
End If

set UserdiaFolder = Nothing

A 3.1 1Usunsun1svitauvesdy Browse to Folder

3.2.2 Ut Read CSV file names
< 1 g vo [y 1 = I3 [y 4 o 1 4 A 1
ququfLsummumsmuswmalvxlaNaa‘Wﬁmnmimmaa‘u Toglulnaineinuiegues
Mainasniasnuiainilendu FileDialog w?aﬁaémaaiﬂama{ﬁaﬁuﬁw LU E5 U99UTN
Userinput Sd1sunsviau #o asfumlildiuuana .csv Jsfoumanavadlianadnsainnis
o v = 1 o A LY [ LY B
GO LLé"mﬂmiLﬁwa;gamaqsuaﬂ%lama%nmwalvdéiamuaqiumLLUs FileNameFoundStr

v v v

Fadumulsvie Sting dmsunisiiudeyaddnus mnasaldwulwduveana .csv alUi
NoFilesFound dazaudayaiaglududs usmmnulwdaeiililusinsudigau Do while lugy
azvmstus Ul nudefuls TotalFiles uaziiudoyanindaus FileNameFoundstr 14
¥lugudsein Aray Te ArrayDirFileNameStr dwiuifiudeyavatsdeyaliluiuusiies lasae

WnswUaly Array UeeianUsnuA1ueeRIuls TotalFile Feanunsoidoulusunsula fdanan
SearchFileNameStr = "*.CSV"

DisStatbar "Check file: " & SearchFileNameStr & " in dir: " & UserDirectoryStr
TotalFiles = 0

Erase ArrayDirFileNameStr

' get the first matching file in the dir
FileNameFoundStr = Dir{UserDirectoryStr & SearchFileNameStr)

If FileNameFoundStr = ™" Then GoTo NoFilesFound
Do While FileNameFoundStr <> ""
TotalFiles = TotalFiles + 1
ReDim Preserve ArrayDirFileNameStr{l To TotalFiles)

ArrayDirFileNameStr(TotalFiles) = UCase (FileNameFoundstr)

FileNameFoundStr = Dir{) ' get the next file
Loop

AW 3.2 TUsunsun1sinaueesyu Read CSV file names
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3.2.3 Uu Load CSV data
) [ g v oo [ v a ¢ v 6 o ]
duuilddmiulnandeyannmedellanadnsiinnmaaey 294M 3911911 U
Read CSV file names T&1AUN15¥1971U Ao w1n TotFiles 41Wa agvinisiFunilan du
ReadCharSymbolsArray L 88 1UAIMUST N1ruAL 18R INA LY 591 149 Avualilunidn
CharSymbol wag ReadDutUserArray o8 UVNeIaTVDITUN UM SAdeuRifwuabilunti
=1 ] [ o o o Y o [ |
UserDutNumbers W&134ns19a0uteevinasaanung temp. mnviias esmvunglivinnisiiua
ado 1% Y] & @ o a ¢ e = v )
pampiifimnuald ndsnduisihnmsisenilsiduy Loaddata ievinsiedeyaanluanlavi
2

sremstels winhdeyauululilunth Data Fsaunsodeulusunsulel dunm

Private Sub CmndBtnLoadData Click({)
If TotFiles > 0 Then
Call ReadCharSymbolsirray
Call ReadDutUserArray

If TempSel.Value = True Then
TempBln = True
Call FillTempArray
Else
TempBlIn = False
End If
Call Loaddata(TotFiles, FilePosArr(})
End If
End Sub

AWl 3.4 TUsunsun1svineuvesdu Load CSV data

3.2.4 Uu Create Table

Test Temp VecA  VecB
Parameter Name ) V) 184

NewB1500LoadData6é4.xism Rev.4.AA

System System Double Resuits|
Prefix Units n n

#1

Datasheet

2# 3.5 EULLUU‘U@QW’]T‘NLLEWQNGﬂ’ﬁ‘l’]ﬂa@‘u
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IndexAllFiles ilouslnd Tnefuusunanlidnadnsanmsmaaeu aggnimeglunguisivariv

o w =<

W& onld gy DutArrayValues LW 8900y aHANITNARDY Taugaanaunisaeanilen ou
IndexAllFiles suMannsasaadeudefianainvesnsidoyaudadsdoyadundunn malaid
Tonananalusunsuagynnsisenldilaidu CreateTable Wiafadayaainviin Data urldaine

=& a y v o a v o
GI']?WQ‘UQEJEULL‘UU‘U'NC‘IU "?j\?aqll']iﬂL?JEJUIﬂiLLﬂill‘lﬂ ANNIN
If TotFiles > 0 Then

if GroupLines.Value = True Then
GroupLineBln = True

Else
GroupLineBln = False

End if

Call IndexallFiles{TotFiles)

Ccall DutArrayValues{TotFiles, Errorfnd)

1f Not Errorfnd Then
Call CreateTable (TotFiles)
End If
End If

Al 3.6 WUsunsun13vinauvesyu Create Table

Group lines v Group lines [
Test Temp  VeccA  VecB Test Temp  VccA  VecB
Parameter  Name () v Vv Force Parameter  Name © W V) Force
lccA_OV8_3VE lcc_OVO 25 0.8 38 0 lccA_OV8_3V6 lcc_OVO 25 0.8 36 0
lccA_OV8_3V6 lcc_0V8 25 0.8 3.6 0 lccA_OV8_3V6 lec_0V8 25 0.8 36 0
lccA_OV8_3V6 lec_0VO 85 0.8 36 0 lccA_OV8_3V6 lce_OVO 85 0.8 36 0
lccA_OV8_3V6 lcc_0V8 85 0.8 3.6 0 lccA_OVB_3V6 lcc_0V8 85 0.8 36 0

AW 3.7 FagnannsaudnaranIsnaaeuLiionn waglivinesowngyes Grouplines

3.2.5 Uu Save Table Data

< [l g v o (% v = a o w o A o o ¥ 3 1%
LUUQNWIﬁjﬁWM?UUUWﬂWW‘J’NNﬁﬂ?i‘ﬂﬂaa\‘l UAMUNITNNIU AD 3UW@§IW6L®@5 bba

[
Y

Fd oS nes1939annaniivhnisiuiin 3uihnnsaislndlmiudrdnasnnii Table TUdslndnu

Faanunsa@eulusunsule aenw

Set SourceUserinput = Workbooks (ThsWorkb) .Worksheets (sWorksheetUserInput}
With SourceUserinput
UserDirectoryStr = .Cells(5, 5)
End With
strDate = Format (Now, "yymmddxhhmmss®)

NewFileName = "TABLExX"™ & "B1500" & "x" & strDate
WorkbookXLSNameDestin = UserDirectoryStr & NewFileName

Set ThisWbCbi = Application.ﬁorkbooks(Thisﬁorkbook.Name)
* add and create a reference to new workbook
Bpplication.SheetsInNewWorkbook = 1

ThisWbObi.Sheets ("Table") .Copy
Al 3.8 WUsunsun1svieauvesyu Save Table Data
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3.2.6 Uy Clear
< 4 devoe @ v v o a 9 v a0 w 3 - v
duuildgmsuardeyaniiaannisiamsdeya fidwiunsvinem Ae auvn Data
wae Table wdifissiidemiidnada uarddoyaluunawaduemiin Usernput Fsansaideu

Tusunsule Aann

Workbooks (ThsWorkb) .Worksheets ("Data") .Delete
workbooks (ThsWorkb) .Worksheets ("Table®} .Delete

"Data®
"Table™

W@rkbocks(?hsﬂorkb).Worksheets.Add(Befare:=Worksheets(sﬁorksheetUserInput)).ﬁame
Wcrkbooks(ThsWorkb),Worksheets‘Add(Before:=Worksheets(sWorksheetUserInput}).Name

SourceUserInput.Activate

wWith SourceUserInput
.Cells (HeadOffset - 1, 4).ClearContents
.Cells{?, 5} = "Files found:"
.Cells {9, 5} = "Data loaded:"
.Cells {11, 5} "Created charts:"™
.Cells (13, 5} "saved in file:"
.Cells {15, 3} "a1l data cleared"

End With

nonon

i 3.9 Tsunsumsvinnuvesyu Clear

3.2.7 Uu Recalc Values (Prefix)
uduilddmiviuinmelassalvd ddrdunisinu Ao Fonldlan du
RecalcTableUnits tiafuiufguassaluidsaimisa funalvalluaeduy Pref. lnoidevinnis

Funaluminedu System Prefix agyhnmsilasunuainmuaaIntes Pref.

NewB1500LoadDatat4_test.xism Rev. 4.A.A
System System Double
Pref Unit Prefix Units n n
n Al 1] A ] 2
n A n A 0 2
n A 0 A 0 2
n A i} A 4] 2

Al 3.10 uanapedunl Pref. uaz System Pref.
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An Excel/Visual Basic for Applications (VBA) Programming Primer
Robert J. Ribando 6/4/2018

Introduction

In the past, even mildly complicated engineering calculations have not mixed well with
spreadsheets because of the very strong tendency to wind up with nearly-impossible-to-debug
"spaghetti code”. While most students seem to enjoy using spreadsheets, instructors recognize that
other than by finding the “correct” answer printed somewhere, it is next to impossible to grade
assignments or to help the occasional student debug them. However, by using Visual Basic for
Applications (VBA) in conjunction with the Excel spreadsheet, the user has the convenience of a
spreadsheet for neatly-formatted input/output and for graphical display of results, i.e., to function
as a graphical user interface (GUI). Meanwhile well-structured, readable, line-oriented code can
be used for the more complicated calculations. This appendix will review a few general aspects of
spreadsheets, while providing a brief introduction to the use of functions and subroutines written
in VBA. Many books about Excel do not address VBA at all, and if they do, the coverage is limited
to a few pages [1-3]. However, several recent books, including several by Walkenbach [4] and
others by Orvis [ 5], Halberg, et al. [6], Chapra [7], Albright [8] and Bullen, et al. [9] do cover VBA
extensively. References 7 - 9 are almost entirely devoted to VBA, with the Chapra book aimed at
beginning engineering students, including those learning to program for the first time.

In the early days of spreadsheets, a macro was just a recording of a series of keystrokes:
that can still be done. (In fact, as will be noted later. recording a series of keystrokes and mouse
clicks and then viewing the resulting VBA code generated is a great way to leam the language.)
But VBA, which has been available since Excel 5.0 and is a subset of Visual Basic™, is a full-
featured, structured programming language and thus far more powerful. Indeed, because VBA
allows the programmer to program and thus control Excel’s rich collection of drawing and chart
objects, it might be considered more potent than VB itself. Consider drawing a rendered cylinder
on the screen. From scratch this would be a very formidable job in VB (including hidden surface
removal, shading, ctc.). With VBA you can just grab a cylinder from the “Autoshapes” collection
and manipulate it at will using VBA statements. In addition you don’t have to buy another package.
Those who have taken a course using any modem structured language like Java, C++, Fortran 90,
Pascal, etc. can pick up VBA syntax with very little coaching. Indeed, those students who
ordinarily will do anything to avoid writing a traditional computer program find VBA an attractive
and enjoyable addition to their skill set.

Several examples given in this document were implemented originally in Excel Version
7.0: however, all are compatible with later versions. Several workbooks discussed here and
available on the Heat Transfer Today ( htp:/www.faculty.virginia edw/ribando/modules ) website
may not be backwardly compatible. Unfortunately recent versions of MS Office for Macs do not
support VBA; some institutions have solved this problem by switching to a virtualized computing
environment, thus giving Mac and Linux users the capabilities of PC’s. Future editions are
expected to return VBA capability to Mac users.

General

As with any structured programming language, VBA has certain rules for the naming of
variables. Variable names must start with a letter and may consist of letters, numbers and some
characters. They are case insensitive and must not include spaces or periods. Certain symbols
including #, $, %, & and ! are forbidden, as are a number of “reserved” words. Many data types,

Heat Transfer Today -R.J. Ribando Page | 6/4/2018



14

An ExcelVisual Basic for Applications (VBA) Programming Primer

including Boolean (T or F), integer, long (integer), single (floating point), double {floating pomt),
currency, date, string, object, variant and user - defined, are permitted. Since Excel iself uses
double precision arithmetic {(~15 significant figures), you may as well declare all VBA floating
point variables as “Double”,

The practice of "naming” cells on the spreadsheet is highly recommended. Giving names
to cdlls allows one to reference them in subsequent cell formulae (and also in VBA code) by name
rather than cell address, thus making the spreadsheet far more readable than it would be otherwise.
For instance, to someone even mildly familiar with fluid mechanics, the cell formula:

= Density_ Air(Tfilm)* A12* Diameter / Viscosity _ Air( Tfilm),

and having four of the five variables referenced by name rather than address, looks a lot more like
a Reynolds number (Rﬁg = p:ﬁ) than does:

=$BS1* A12*SFS$11/$887

There are several ways to “name” a cell. The first is to use Insert ~ Name - Define on the
2003 toolbar, This technique allows the programmer to sce all cells previously defined, thus
avoiding conflicts, and to delete names already assigned should that be needed. If the cell to the
left of the one you want to name has what appears to be a valid name in it (e.g., Diameter =), then
Excel will suggest that as a possibility. All you have to do is confirm it.!

The other way to name a cell is to highlight the cell and then simply type the name in the
box just above cell Al and 1o the feft of where the cell formulac appear and hit “enter.” Figure |
shows a small section of a spreadsheet

iameter = ) c »
Area of Circle =  0.25"Pi"Diameter®2

Figure 1. Upper Left Corner of the Spreadsheet

Cell B1 is currently the active cell and the name we wish to assign to it has been typed in
the Name box above cell Al. Entries shown in cells Al and A2 are simply text. (Here the equals
(=) sign that should precede the formula in Cell B2 has been omitted in order to avoid an eror
message appearing in the figure) 1f, after having named the cell, one supplics a numerical value
for Damewer in Cell B1 and tries it first without the parenthesis after the B (and with the equals sign
in place) in Cell B2, an error results. A searchof the Help files for "Pi” reveals that one needs the
empty parentheses { ) in order to invoke this supplied (intrinsic) function. Thus the correct cell
formula for cell B2 is: = 25*Pi()* Diameter”2.

! Excel 2007 and up users will find Define Name under Name Manager under the Formulastab, Alistol
names previously defined can be found under Use in Formulas,

fleat Transfer Today - R. 1. Ribando 642018 © May Not Be Reproduced Without Permission
14

Fud



15

An Exeel/Visual Bsi for Applications { VBA) Programming Primer

As will be soen later, VBA coding lends itself well to tmditional indine documentation.
Cell Notes arc one effective way o provide documentation on the spreadshect itself. In Figure 2a
yellow cell note in Cell B2 warns the user that the formula shown 1S CITONCOUS,

Figure 2 Use of a Cell Note for Documentation
VBA Functions

Instcad of using a formula typed into a cell on the main spreadsheet, one cancreate a VBA
function 10 do it. Creating such an extrinsic (user-defined) funetion is particularly wise if the
underlying formula is complicated or includes more than a simple assignment statement. That
function will be invoked on the main sheet exactly as would any of the hundreds of intrinsic
(supplicd) functions (sine, cosine, sum, cic.} provided in Exeel by typing the cell formula, c.g.,

Now by clicking Tools, Macro, Visual Basic Editor and insert a Module (the later from
the VB Insert menu), a blank page will open where the VBA coding will go.  One can also ¢lick
on the VBE icon on the tooltar 1o get dircctly into VBA. Users of older versions of Excel may
need touse: Tnsert, Macro, Module?

When you are in the Visual Basic Editor (VBE) you can check the Project Explorer
Window in the upper left of the screen and you will see a treeview picture of your project. An
annotated example is seen in Figure 3. {You may only see the project name if someone else has
created the workbook and docs not want you to see their coding.) You may also find the names of
various Excel “Add-ins™ that you or some application you previously used has installed on your
computer. An Add-in consists of VBA code that the supplier, perhaps a commercial entity, wants
you to be able to use, but not to have access to their proprictary source code. An Add-in does not
preciude you adding your own VBA coding, whereas simply password protecting modules does.

! Exeel 2007 users must click the Office bution at the top left and under Excel Options - Popular, click
Show Developers Tab in the Ribbon, Once the Developers Tab is showing. then youare able 1o seloct
Visual Basic and access the development environment.

Heat Tramfor Today - R 1. Ribando 6472018 © May Not Be Reproducod Without Pormissiom 3
15



16

An Excel/Visual Basic for Applications (VBA) Programming Primer

4 Procedures activated by a particutar control
on any of the worksheets will go here, e.g. a
control button may call a subroutine you've
4 stored in a module,

Programming related to the whole workbook,
¢.9., something you want to happen as the
 workbook opens or closes goes here.

_ ramming goes into a module.
| can have as many modules as you want.

Figure 3. Project Explorer Window. This project (HTTdemosub xls) has four objects: the
Workbook itself, three worksheets plus a single module,

Most of the coding you do should be putin a Module (under Insert). Coding you put there
will be accessible from any of your worksheets and can be exported easily from there to any other
projects where it may be reused. I you place a control, e.g., a command button that activates a
subroutine on a particular worksheet, then coding for the event you want (calling the subroutine)
may appear in the coding for that form. So if you place a command button {from the controls
toolbox) on a worksheet and double click it while in design mode (where the cight “handles”™ you
use to resize, reshape and reposition it are visible), you will open the editor and the coding you
wrile to accompany that control will automatically be placed with that sheet insiead of in a module.
¥ ou can put all the code you want executed with the button (or other control) with the worksheet,
but putting it in a module as a separate procedure i probably a neater aliernative.  Recent versions
of Excel encourage you to put all your programming in modules by asking you to ASSIEN 4 Macro
directly to each button you add on a worksheet.

A module may consist of a single, user-written function or subroutine or may include
multipk subprograms. While, as noted above, one might do some VBA programming under the
Excel Objects collection (worksheets and the workbook), it is much more likely that user-written
code will go into a module. Every module should start with Opiien Exphct; thus forcing the
programmer to declare all variables, This practice helps locate spelling errors, butin addition VBA
considers all undeclared variables as type “variant,”™ That is, for example, if one sets some variable
equal to a string, then that is what it will be. If that same variable is set to an integer later, then it
will be an integer. This sloppy practice leads to slower execution and requires more memory - for
one example in the Walkenbach book [4], the code using type variant was slower by a facior of
four. One can have an Option Exghidt sutomatically inserted at the beginning of cach module by gomng
to Tools, Options, Editor and checking Require Variable Declaration and clicking “OK" while
in the Visual Basic Editor.

Now here’s what VBA code for finding the area of a circle might look like:
function Area_Gire (Dameter 25 Double) o Double

Area_Circke = 025 * Pi) * Dismnenar A2
End Funaion

Heat Transfer Today — R, J. Ribando 6/42018 € May Not Be Reprodoced Without Permisdon 4
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Note that both the type of the function itself and the argument passed into it (Dameter) have
been declared as Double precision floating point numbers.  (Numbers in cells on the worksheets
are automatically double precision, so declaring them single precision within the function would
require a type switch both on entering and leaving the function and would cost you about seven
significant figures in precision.) But the functicn as wnitten above doesn't work at all! The
message: #NME (indicating an crror) appears in the cell where the function has been invoked on
the main sheet. If one deletes the P completely, then this function does work (but gives the wrong
answer). The reason is that VBA has some of the intrinsic functions that Excel has, but not all.
(And some that do the same thing are even named dif ferently; for instance the square root is SQRT()
in Excel and SQR() in VBA) To tell it 1o use the Pi function from Excel instead, one uses:
Mpgiation ). Here “application” tells VBA to get the function from wherever the VBA is being
invoked (Excel, PowerPoint, Access, wherever).

With just a single statement assigning a value to the function, this example shows about
the simplest VBA programming one can do. Everything needed is passed into the function as an
argument and a value is returned to the cell where the function has been invoked. Here with
thorough documentation is the finished product:

Opion Bxghent “This forces proprament to dxlore 3l varibles.
Fenction Ara_GeDiassnr s Double} s Double
" Programmed Y697 R jRibaode.
¥ Yak domete of drde 8wt 3 saputs e v
" Dee & o6 supghed luscion fue Piin VEA so the foghatongd] mitrce it to we the Excel function,

A, Girde = 028 * Application ) * Diameser * 2
Eod funtion

Note that the above function and ALL functions (in any programming language) must
contain a stalement assigning a value 1o the function name! Here it is the second-to-the-last line.
Meanwhile back in Excel, your new function; i.e., Area_Circle, ought to appear in the list of “User
Defined™ functions on the Insert Function menu.

This next example uses a control structure within a function, but here again, all necessary
data are passed in as arguments and a single value is returned to the cell where the function s
invoked. This example (http/Avww faculty virginia edu/ibando/modules/xI/HT Tpls kslaw.xls )
uses Excel's Chart function to display values computed over a range of wavelengths and
temperatures. The actual equation being evaluated (the Planck distribution for blackbody mdiation)
is given as:

C
Ew(MT) = ——t—
A® {a”‘ *1}
The following is a VBA implementation:
Opton bl
Fanction Plasck{Lambda hs Double, Tempeawe At Double) As Dooble

“Compates the speciral datrbeten of bhckbody radation

Heat Transfer Today ~ R. 1. Ribando 6/42018 © May Not Be Reproduced Without Permission

A

17



18

An Excel/Visual Basic for Applications (VBA) Programming Primer
* Thi s Equ 1126 i becropers § DeWint Sth Edtion, Wikey, 2000
© R Rbande, 1891
i (1 hs Double, (2 A Double, Ere Ay Double
€ = 140K 31 Usts are beng wnd

0= N
fee = LTIBIRIRIE ‘Buse of maturdd ke

¥ Lambda * Temperatre < 200 Thes
Panck = (E06 ' To aveud trying to glot O valoe o0 log sale.
Ehe
Pand = (1 / (Lnbda » §* fee » (Q1/ (Lanbda * Temperatare) - 1#))
fnd 1
Ead Function

A log-lot plot of the results obtained by invoking the Planck function at an array of
temperatures and wavelengths is shown in Figure 4. Note that this plot is automatically updated
when a new temperature is selected with the serollbar.

Spectral Blackbody Emissive Power
twith Temperature (K} as parameter)

s L

Wit sicrometes

w e ow o 0let
« = v »Red

s S8
s S

B 4

1E.04 . .
1E.01 1.E«60 1E+01 1E+02
Wrslonugth timdcromaters)

Figure 4. Log-log Plot of Blackbody Emissive Power Generated Using
VBA Function Described
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The syntax used in the preceding function for selection has just two options. One can also
allow for multiple selection options:

¥{.)} e

(-}
i .} B
()

L3

e
bnd

(31 %

5

The next example { http/www faculty. viry foimod CTwodss xds )y
is a little more complicated, but still is a function with parameters passed in as arguments. In
addition to an ¥ - Then, Ee, End ¥ for Selection, it uses a For - Next construct for Repetition. This
example uses both flat and raised contour plots (see below) to show the computed results for a
range of inputs. The function evaluates the following analytical solution {obtained using a
technique called separation of variables) for steady-state conduction in a rectangular region having

one boundary at unit temperature (B(X,y=W)=1.0)and the other three at zero
@ y=0)=8(x=0,y) =8(x=L,y) =0.0):

: 2&(1Y"+1 . nux sinh(ny/L)
B(xy) = — sin
(¥) vgg n L sinh(ntW/L)
Because the above is a fairlly complicated calculation, there is plenty of documentation
included within this function:

Oyim gl
funcion. Malyi Golateras As loveger, X hs Dooble, T s Doubie) As Dostle

Th Vsal Basie S dpploaton Tancion valaatis the solstns
10 the wo-dminsionyl, steadyconduction probiem for 3 squnt
segion, fined vaue of 10 oo oot bousdary, 0.0 o0 ober theee.
The anabytcal seletion fram segaration of varables & duplaped
on the main theet and eadaated bere. Here W= 1 = 10
fputs © $is foscton are the sumber of tems 1o be mcluded 1
the seie and the x 36d ¥ oordinate of the pamt where the
eakiaen & 1 b wode

I T e T R

This s 3 buwdoree implementation. ¥ 3 sebroutime imstead of 3 hncton

fad baen wsed, 1 coudd Bave computed a0d saved the x-dependent pant

1o wie at all y values, exc. but | wanted 1o have 20 mdepindent fucion

that oond be imcked anywhers i the soluton demain Maie sheet bt bewn
st up 1o ealuar ths heoction on 3 2 x 21 grd and then maes contour
* glets Two dilerent conior map styles ane d d. e

' eocounaged © vary the member of terms to inclode i the senes, i fag,

* that ool i the ooy wiodked oot on e mam sheet

o ® %

* YA doesn't Bave B or byperbolic sion, 3o the “applcaton. " vl it to use
* the Eucel foncoon mswad.  The hparbebc sine g very farge for large
* arguments, 50 the reduced form of the selution in wems of exponential is

Hent Tramsfer Toduy - R J. Ribando 642018 © May Not Be Reproduced Without Permission 7
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t o oand b
tORL Wbasds W19
Dim X ks leger

Dien Coel A Double, Mgl As Do, hrg2 K Double, e ks Double
Dom P As Doable, Xeerm A Double, Tierm As Doukle

heabylicSols = 08
fee = LHEIE
P = fgghcation i Vse Excely function for Pi
For & = | To Noorms Suep 1 ' Hew coelhamt = 0 b Keen
Gl = 28 (AR 1)+ 1) /(R Pi)
Yerm = Sk " Re* N}
H{K* Pie < SH) Then
fegl = K" P Y
hegl =8 * Fe
Yerm = AgglianonSmblirgl) / Appiation Sishiivgl)
Ha
fum = b M (K Be” - 1)
fd
feabyidadn = haabyiSols # (onl * Xuem * Yiorm
Bent £
Eud fonction

A raised contour plot created from a field of data generated by evaluating this function on
a 2Ix21grid (i.c., at 441 points) using nine terms in the serics and created using the Exed Chant
function is scen in Figure 5. (This is a 3-D Surface Plot.) On the spreadsheet itself, values of the
X coordinate were contained in one row; Y values were computed and stored in one column and
both arc passed as arguments into the function. A second worksheet in the HTT twodss.xls
workbook implements the same solution using a VBA subroutine that takes advantage of the fact
that one factor in the above equation is only a function of the horizontal coordinate (x) and another
is only a function of the vertical coordinate (y).  This strategy makes the evaluation fast enough
to give the illusion of animation while building up the solution term by term,

Heat Transfer Today ~ R 1. Ribando 6/4/2018 © May Not Be Reproduced Without Permission 8
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Analytical Solution with Finite # of Torms

nLBL2
gL
o084
nLB09
w708
ok 2
BoE0E
G405
¥ no304
o020.3
DO02
]
o040

A SODOOOODO =
»ahkgkw&ﬁww%*%

Figure 5. Raised Contour Plot of Analytical Solution (9 terms) Evaluated on a 21x21 Grid

Typing Shift F3 with a particular cell sclected can access another feature that helps in
debugging fundtions and subroutines.  Figure 6 below shows the display for one particular cell
where the above function (AnalyticSoln) has been invoked. It shows the varisbles passed into the
function (the number of terms selected and the X and Y coordinates for that ¢ell) as well as ther
numerical values for that cell. In the upper right is the value retumed for this cell.  Providing

“Help™ for such user defined functions is beyond the scope of this document (See, ¢.g.,
Walkenbach's book).

In addition to the for ... Next construct, there are several other constructs for Repetition: the
Do ... Whik and Do ... Untd, and two ways to invoke cach of them:

Do Whie{ ) B
Loeg locp Whie {
et Transfer Today ~ R. J. Ribando 647201 8 © May Not Be Reproduced Without Permission 9
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nlall

Figure 6. Debugging Window for a Particular Cell in Previous Example

The next example uses the Case construct for Selection within a function. In addition, it
shows how to create a Message Box (which will appear on the active worksheet) and also how to
put two statements on one line (which is generally not a good practice, but not that detrimental
here). In creating the message it also concatenates a string and a number.

Ophan Bxghcit

Function DiscountQuaniity 2 beger) o Double
¢ Demomtrates wst of Case constrert 2 well @ 2 Message Box.

' Wote use of oslon [ a8 smisent separater to allow meltigle stiwots on 2 single Bioe.
' {Based o pxample on pp18) of Walkenbadh's bosk)

Sebect Case Quantity
{ue ) Yo 2 Discowst = QU © Yaliphe sttemeots on 2 B
Case 35 To 40 Discount = 015 ° sepanate by a cebm { ;]
Case 80 To T& Dissamt = 00
Cage Iy >= T5: Disoount = 015

End Stheat

Higox "Dincsmnt= * & Discownt  ° Concatmae 2 labd and the coresponding

* aue. Wote that the value domn't get pesied i e <ol untd wee dears the

* o mesage o

End Funciion

The next and last example function, this one for finding the area of a circle, has nothing
passed in explicitly as an argument, but the needed input value (radius) is gained by reference to a
particular cell named that on the main sheet. But one must read the note at the top of it very
carefully! Note also that the worksheet was named “Mainsheet” in the HTTdemosub.xls
(bttp:fwww faculty virzinia, edufribando/modules'xis/HTTdemosub. xls ) workbook.

Jption Bxgleat

Heat Transfer Today - R. [, Ribando 6/4/201 8 © May Not Be Reproduced Without Permission L
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fundtion Area_Ude{) As Double
' Demoratrates how o get iformation inw 3 swhprogram by wing relerences
to the workihest rather than passing values 2 arguments.
tOROTE! dn the ol where this Sonciien b fnwked on the main shest,
there 13 no mention of vadivs. o i wer dhanges the wB tontaining
the radian, there vil HOT bie an astomatie recabosdation a3 there would
be if the radius appeared exghcitly a8 an argument. You meed 1o we
3 atr - 2t - Y 1o wpdue the whele workbosk,
" R Abands, 91047

i

i Shitain &s Worksheet
Dim Radius ks Double
Set Shin = Worksheets"Hainbbeet”)
Ares_Cinke = hpplication P} * SifainRarnge("Radhes™) Yahe * 1

fod Function
Input - Output: Getting Variables To and From VBA

With the exception of the last one, all the example functions presented so far have gotten
data from the spreadsheet into VBA as arguments, and the output has come back to the spreadsheet
s5 the function value retumed.  Since, unlike functions, subroutines can change more than one
value (this distinction between functions and subroutines is true in any programming language), it
is appropriate here to point out several other ways to get data into and out of VBA routines. (See
Walkenbach’s books for much more thorough discussions.)

The Cells property allows one to get data to and from worksheets using the row and column
indices.  So to get data from Cell BT on the main sheet (See how to declare a worksheet in the
previous example), one could use the statement:

Diameter = Shnain CelfT, 2}

where “T'refers to the row. *2” to the column.  Similarly, to return data to cell C9 on the main
sheet, one could write the VBA statement:

Feminfehd )] = ke

Obviously the Cells property works well if one wants to get a whole array or vector fo or from a
particular area on the spreadsheet.

The Range property allows the programmer to address cells by the address.e.g., BT, Using
the Range property the equivalent of the previous two statements is:

Diaenster = Shnaio Range{"§17)
Shumain Faoge (7} = heea

A true range of cells may also be addressed, so that if one wanted to fill several columns using
VBA coding, the following statement would fill 18 cells with the number 5.0:

Shmain Range“A5:CI0") = 5.0

Hent Transfer Today - R. 1. Ribando 6:4/2018 © May Not Be Reproduced Without Permission il
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Finally the Range property may be used to address a cell by its name. So assuming the
programmer has named a particular cell on the main sheet as “Circumference” and another as
“Diameter,” the following statement will retrieve the latter and return the former.

Shorain ange"Grcurrerence”) = Application P} Shimain{Diameter”)

You can also use Range and Cells addressing to control cell properties like fonts, background
colors, ete.

VBA Subroutines

In high level programming languages functions return only a single value. In a similar
fashion a VBA function can only affect the one cell where it is invoked. Just as subroutines in
Fortran or any other high level language can retum more than one value, a subroutine in VBA can
change more than one cell.  The following module from the HTTdemosub.xls workbook is a
subroutine that returns values to four different cells, It also illustrates both the range and cells
methods to pass values to and from cells: by name, by address, and by row and column ndex,

Option Explict
Sulr Comphreafell)

Compotes area and whame of cpfinder and sphere and rems dhe vaboes

to appropria place on main sheel, ie, i & danging vakees i

more than one ced with just one mvsration. Wote thers are ;o arguments

passed  Three different waps of chtaiming data from the maimheat {which has been

ramed “MairSheel”) are demomstraed: (1) By mame of the cdl “Radi”), (1) by cell
address ("B1"), and (3) wsing the el method (how index, ‘Columa index).
* (viowty the asignment staement beow cwld be made 3 fot sherter by

' intredudng local varibles for the radin, benghh, i etc

8
)
]
L]
&
€

' This sehroutine bus 1o be voked B some way, hitting £ key from ts
* window 1 one you can abe create 3 RUN butten for dhe we on the main sheet.

' R Kituods, 91097

e ShMain B Worksheet

Diem Radans ks Doukle

St Shthain = Workshort] "Maiefheet™)  This saves 3 Bitfe typing later.

' Ths one accenes the cadi by the ol mame and retumns valoes by ool maone alia

ShMainRange "ol _Cf")Vahue = Applicabon PR} * _
SiMain Range("Radien”) Yaboe ™ 7 Shttain Range{ "Length”) Yoot

Y This one aesses the radie by ity ol address.
ShtainRangy Vol Sph"Vakue = (15 / 38 * ApplicationPif) * _
Shiain Range{"81") Yok * 3

' Mext calodation indude wea of two endk, phn the sides. B accesen the
' radig wing the colis methed frowinder, columedoder)

SitainRangy“hre(f") Value = 10" AgplicationPal} *
{ SManCelsfl, 2)ahue & 3 # _
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ShMain Cels(2, 2) Yahoe * SiftainRange("Lengih") Yale)

Ssinange"Area_Sgh")Valie = 4# * hppication B} * _
Shitain Range("Radiua”) Yaloe » 2

fnd Sub

Notice that before running this subroutine (as well as the previous Area_Circle function)
the first worksheet (Sheet1) had been named "MainSheet” — by right-clicking on its tab and typing
in the name. The underscore () at the end of several lines indicates that that statement is continued
on the next line. One of the cells (B2) on that sheet had been named "radius” and another "length”.
Figure 7 shows the upper left comer of the MainSheet after the subroutine has been run.

Radius 8

Figure 7. Detail of MainSheet for Subroutine Demonstration

Two of the workbooks on the website, the one for air and water propertics (7]
(Airwater.xls) and the projectile motion project (Projmotn.xls), especially the latter, make use of
these concepts. Inaddition, the projectile workbook includesa command button control to activate
the subroutine.

Recording and Editing Macros

Especially if you want your VBA coding to interact with Excel's drawing and charting
tools, you must leam to record and edit a macro. By running the macro recorder while you draw
objects or spruce up graphs and then viewing the VBA code that Excel generates itsclf, you can
incorporate similar coding into your own VBA, Then you can change the size of an object, rescale
axes, change line weights or nearly anything else you might want to accomplish by writing your
own code. No book can possibly cover all the coding tricks you can pick up this way! The
following section shows an excellent student-writien example.’

) Asan “advanced” feature, the options for recording and playing back macros are under the Developer tab
in Office 2007,

Heat Tramsfor Today - R 1. Ribando 6472018 © May Not Be Reproduced Without Permission i3
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There was a gap beginning with Office 2007 during which any coding involving
application of Excel’s graph and chart tools was not recorded.  Fortunately that feature has been
reintroduced in the latest versions.

Use of Drawing Teols and Controls

Any of the drawing and charting capabilities of Excel may be implemented through VBA
coding. ActiveX controls may be incorporated similarly. (Use Tools ~ Customize — Toolbars ~
Control Toolbex to bring up the controls toolbox. The toolbox includes an icon that will switch
you between Design and Run mode.)* In the example seen in Figure 8 below the user enters the
radius of the two coaxial parallel disks and their separation distance. A VBA fnction computes
tie viewfactor (a geometric quantity representing the fraction of radiation emmitted by one disk that
is intercepted by the other assuming the first surface is a diffuse emitter and used in radiative hear
transfer analysis and in computer graphics) based on the analytical solution, and then invokes a
subroutine that draws the two disks to scale within the gray window. As an additional feature, the
user can change the viewing angle using the vertical shider bar control.

In order to see how various geometric shapes are incorporated, one may draw that shape
manually on the worksheet, while recording the macro. So for instance, if one wanted to learn the
VBA coding to draw a red rectangle on the screen, one tums on “Record macro,” draws the
rectangle manually (using AutoShapes) and then selects the fill color, shading (if any), ete. Stop
recording, and then if you edit the macro you have just recorded, you will find something fike:

Sub Drawbox{)

* Prawbox Macro
* Macro recorded 7/ 19949 by Robert J. Ribando

ActiveSheet, Shapes AddShapel msoShape Rectangle, 96%, 664, 144.6, 118.8).
Select
Selection Shape Range Fill ForeColor, SchemeColor = 10
Selection. Shape Range Fill. Visible = mso True
Selection, ShapeRange Fill Solid
End Sub

Now one can include similar coding into a custom VBA application program, changing for
iastance, the size, colors and location to suit your needs. In Figure 8, several “special effects™ have
keen used, including horizontal shading of both disks to give the illusion of depth.

4 Excel 2007 users will find these controls and the Design/Run switch under “Insert” on the Developer tab.
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Viewfactor Calculation for Coaxial, Parallel Disks 5
Copyright 1999, Sean R Travis, University of Virginia '

Radius of Receivar (K|
Radius of Emitter (Ri}]
Separatior Distance {L]]

LiRi=
Ri/L=

Viewlactor =

Wiew Angle

Figure 8. Excel worksheet for viewfactor for coaxial, parallel disks

Two especially useful controls are the command button and the scrollbar.  While a function value
is updated automatically at the cell where that function is invoked whenever one of its input
parameters is changed, one must provide a means to call a subroutine. The command buiton
provides an casy route. One simply draws the button, double clicks on it and writes the coding to
call the subroutine. Thus to call the subroutine used in the section above, one writes:

3 Comphoeatall)

under the button, 1.

Private Sub CommandButton]_Click()
Call CompAreaVol
End Sub

This single line accompanying the button calls the subroutine that you have already saved in a
module. You could writeall the code you want executed in the Button_click subroutine, but putting
it separately as part of a module makes for more portable, usable code. (And to be sure it is often
the case of “do as | say, not as I do™)

Excel 2007 and newer versions enforce the concept of putting all VBA code in modules
rather than within worksheet objects. When you add a command button on an Excel 2007
worksheet, you are asked immediately to assign the macro that it is supposed to run. This macro
should be a subroutine that you have already written and stored in a module.  Since your actual
miacro may not be ready to go when you insert the button, you may want 1o create a lemporary one
first.
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Cerlain controls, .2, the scrollbar, have the property of a “linked cell” In Figure 8, the
cell that in this static picture has a value of 32 is linked to the scrollbar and holds the current value
set by the scrollbar. VBA code can be made to access this particular cell, thus allowing the scrollbar
to be used for data input. The “value” property of the scrollbar is an integer that may be setto run
from 0 1o 32767 (= 2'%-1). Thus if you wanted the actual property being controlled to run from -
1.0 to 1.0 in increments of .01, you could take the limits for the scrollbar to run from 0 to 200 and
put that number in the assigned linked cell (which you may want to hide somewhere). In another
cell or in VBA code, set the actual value = -1.0 + scrollbar value/100. When the scrollbar value is
at its minimum value of 0, then your property has the value of -1.0; at the maximum value of the
scrollbar (200), your actual variable has the desired value of +1.0,

Scrollbars can be a very handy way to limit user input to only the range that you, the
developer, intended. This prevents the consumer from trying input values that may be completely
bogus in your application or for which you have neither verified your calculations nor validated
your model,

User Forms

A user form can be a useful way to provide additional documentation or to allow user input
to your spreadsheet. Controlled by acommand button, a user formean be kept out of the way when
not needed so that your spreadsheet doesn’t look cluttered.  You can inchude labels, textboxes,
images, command buttons, ete., on your user form.  While in the development environment just
insert a user form.

The text in this Label could be set using the
“Caption® property of the label (visible in the
Properties window). Instead we have chosen
 to assign the caption property using VBA code.

If you need to do anything fancy, you may need
to ook up and use the codes for the "asci” ;
character set. For instance, you might want to
square something, like x2 , or you might want to
quote temperatures in °C. You might even want
to use Greek letters fike €. ¢

Figure 9. Sample User Form including a Label

User forms, like any object, have their own set of properties. In Figure 9, for instance, the
“caption” property of the form was changed from its default value to what is scen above. A label
was placed on this form and the text font property of the label was changed from the default value
to make the text larger and bold. The caption property of the fabel could be set in the properties
window of the label, but instead we chose to set that property using VBA some code. That code
gels executed when the control button is clicked and the form undergoes the “show” procedure,
VBA code is used to assign a value to the Caption preperty of a label on the3 form.  The ascii
character set is used for the special symbols and the Greek letter.
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Sub Userf ormDemol)

UserForm].Labell .Caption = "The text in this Label could be set using " & _
"the "Caption” property of the label (visible in the Properties window). " & _
*Instead we have chosen to assign the caption property using VBA code. " &
vbCrLf & vbCrLf & "If you need to do anything fancy, you may need to* & _
“laok up and use the codes for the "ascii” character set. " & _

"For instance, you might want to square something, like x" & Chr(178) & _
", or you might want to quote temperatures in " & Chr(176) &"C." & _
" You might even want to use Greek letters like " & ChrW("949") & "."
UserForm! .Show (0)
End Sub

VBA for “Heavy Duty” Calculations

VBA can be used for some fairly extensive calculations including the “number-crunching”
applications one encounters, for instance, in computational fluid dynamics (CFD) instruction.
Because formatting pumbers for output to Excel cells is computationally intensive, one is strongly
encouraged to pass all the inputs from the Excel sheet into VBA and store them there as local
variables, typically declared as “Double”. Only when the caleulation is complete should the final
numbers be returned to the Excel sheet, where the user will probably want to plot them. If an
occasional piece of data is desired during a transient calculation (as, for example, to monitor
convergence), one can pass just that data back to the spreadsheet and use the VBA “DoEvents”
function or “Application.Calculate™ to force the caleulation to stop and allow the plotting to be
done,

One may also want to provide coding so that any large data sets generated by the program
are sutomatically cleared when the workbook is saved.  Using ClearContents as part of the
BeforeSave event of your workbook can dramatically reduce the file size of the resulting saved
workbook. For example, Shmain Range(*C1:D 1000™).ClearContents immediately clears anything
occupying any of the 2000 cells in that range.

If you are going to use Excel and VBA to any extent, then you ought to learn how to use
both Excel's “Goal Seek” routine and its “Solver” add-in. Being an add-in, you will not be able
to see the coding behind Solver, but its capability can be extraordinanily useful in serious
calculations. You can invoke Solver itself in a workbook or you can use if within your own VBA

code,
Enabling Macros

Once you have created a working function or subroutine, you'll want to save the
workbook containing your code and then open and use it at some time in the future. Office
2007 and more recent editions warn you immediately on the command line that the
workbook you are opening contains “active content” and asks if you want to enable it. If
this workbook is one you wrote yourself or comes from a reliable source and you want the
macros to be operable, then you MUST enable them.

The procedure in older versions of Excel is a little more cumbersome.  Your
security must be set to “medium” even before opening the workbook. Once you have set
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your Exeel security to medium on your own computer, it will stay that way. In a public
environment it is likely reset to the default “high” setting at least once a day. Then when
you open the workbook, you will be given the option of enabling the content.

Conclusion

Student response 1o use of VBA within other courses, both undergraduate and graduate,
has been excellent. Since all have had a structured programming course carlier (some in Fortran
90, some in C++, others in Java), the migration to VBA is very straightforward. Most welcome
the opportunity to add another package to their inventory of proficiencies. Several graduate
students in a recent programming-intensive computational fluid dynamics (CFD) elected to do all
assignments using Excel/VBA.

The topics covered in thisnote are the subjects of only a couple chapters in the Walkenbach
book, but are certainly sufficient to address neardy all the sorts of caleulations that an undergraduate
in engineering (and probably most graduate students) might find him or herself wanting 1o do.
There are a myriad of other operations and features that one can implement in VBA; the
Walkenbach books are ¢learly excellent sources of help.  About a score of samples of Excel/VBA
coding, mostly applied to heat transfer, thermodynamics and fluid mechanics problems, may be
downloaded at: hitp/www.faculty. virginia.cdw/ibando/'modulesixls .

Disclaimer

I am neither a computer scientist nor a programmer, but rather an engincer. That being
the case, | have found VBA 1o be a quick and easy way to do most of the things  want to do inmy
teaching and research. Code that you will find described here or available on the website i not
guaranteed to be error free or even to follow good programming practice.
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