’I 6 Spreadsheet Applications

16.1 INTRODUCTION

General purpose spreadsheet software can be used effectively for engineering
calculations. For example, Microsoft Excel with Visual Basic for Applications is
an effective tool for process design. Spreadsheets offer sufficient process model
“hospitality.” They are connected easily and online with charts and graphic objects,
resulting in powerful and easy-to-use graphical interfaces. Excel also supports
mathematical and statistical tools. For instance, Solver is an excellent tool for
solving sets of equations and performing optimization. Databases are effectively
and easily accessed. In addition, Visual Basic for Applications offers a powerful
object-oriented programming language capable of constructing commercial graph-
ics interfaces.

Our book Food Process Design (Maroulis and Saravacos, 2003) presents a sys-
tematic approach to solve engineering problems in a spreadsheet environment. In
particular, it shows integrated procedures for robust process design by analyzing the
following topics:

e Modeling and spreadsheets

e Analyzing the Solver

* Sensitivity analysis using Excel tables

e Controls and Dialog boxes to input data
e Graphics to get results

» Databases

* Visual Basic as a programming language

In the present book, a more simplified concept is adopted. It is a step from classic
hand calculations toward more sophisticated spreadsheet calculations.

The following topics are introduced and applied to problems similar to those of
the previous chapters of this book.

* Name variables

* Insert data

* Insert equations using names

* Use “Goal Seek” to solve an equation
e Automate using Visual Basic

e Assign a macro to a button

* Use Excel tables

* Use Excel charts

* Use the scroll bars
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524 Food Process Engineering Operations

e Construct a simple database
e Use Combo Boxes

e Use matrix operations

* Use Solver

16.2 SHELL AND TUBES HEAT EXCHANGER

In this example, the following Excel operations are introduced:

e Name variables (Ctrl + Shift + F3)
* Insert data
* Insert equations using names

16.2.1 PrOBLEM FORMULATION

Calculate the appropriate shell and tube heat exchanger for a tomato paste heating
process using the available heating steam.
The design specifications are

F =1kg/s Feed flow rate

T, =50°C Feed temperature
T,=100°C Target temperature
T,=120°C Steam temperature

The required data of the tomato paste and the heating steam are

p = 1130kg/m? Fluid density

A =0.55W/(m K) Fluid thermal conductivity
n=0.27Pas Fluid apparent viscosity
C,=3.50kJ/(kg K) Specific heat

AH, =2200kJ/kg Latent heat of steam condensation

The following design variables are also assumed:

u=1m/s Fluid velocity in tubes
d=0.0lm Tube diameter

dx =5mm Tube thickness

n=4 Number of passes in tubes

16.2.2 PROBLEM SOLUTION

The thermal load is calculated by the equation

0=FC,(,-T)
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The required steam flow rate Q is calculated by the equation
Q= FAH,
The mean temperature difference A7),

_ (T-T)-(T,-T)
In[(T, = T))/ (T, = T>)]

m

The total number of tubes N

Lo F
p(N/n)(md? [4)

The surface heat transfer coefficient outside tubes £,

1/3
h, = 2750 (Nd)
F

s

The Pr number
cn
Pr=-—_
A
The Re number
Re = pdu
n

The Nu number

d 1/3 0.14
Nu= 1.86(RePr) (“)
L T]\/V

The surface heat transfer coefficient inside tubes £,

hid
Nu=—
A
The overall heat transfer coefficient U
1 1 1
— =4 —
U h h

83538_C016.indd 525 @ 12/1/2010 1:05:07 AM



Food Process Engineering Operations

526

1’91 TNOH

PIATE/N/V=: w09 T 7 [I8Ua] 3qNL 7
(@v1'2/1).(61€0/').(000T/XP.T+P)=" w070 ‘a a I9)PWeIp [PYS K4

wrp/N/O=: W 8Y6 A% \% BAIR I9JSURI) Jed}] Via
((/T+oy/T)/T)=:  SIW/MY  9%0 n n JUBIOLPA0D I2JSURT) J8IY [[BIPAQ Ka
000T/P/OLON=: MW/ 150 Iy y $3qn3 9PISUT JUIIDLYI0D IdJsUI} JedY 20BJING [ 47 |
TT(€/T).(0T/P+1d:2¥) 498 T=" — 8C'6 nN nN IaquinN 7N =
“u/p,d,m=: — (44 ENI ENE IaquinN 2y zc|
000T. )/ u,dD=: — 8TLT 1q Ad TdqUINN 4 Tt

saqm

(€/T).(s3/P=ND-SLT= DWW/ MY  06F oy ‘y 9PISINO JUSIDIPI0D I9JSUEBI) e 30eJINg 0z
(F/T.Pa¥Te)/(wym)/~d/g=: - S W N $9qN) JO ToqUINU [€10], 6T
((21-s1)/(TL-SL)NT/((TL-SL)-(TL-SL))=" D. 0 wrp "1V ooua1ayIp a1njesaduwia) ueay 8T
SHP/O= S/ 800 s q oje1 Moy wrealg 2T
(TL-21)-dD.d= M SLT 0 o) peo] [ewIay or|

— [ w u saqn) ui sassed Jo JoqumN [l
ww g Xp xQ SSOWdIY) aqny, I eT|
w100 p 14 J9jowRIp aqn], Iz
s/w 00T n n saqn) ur A310[eA pmig T
sed /LT0 “u b Ay1s0os1a Juaredde pmyg 01|
MW/M S50 R X Aranonpuod rewrayy pmig 6 |
Qw/8y  0€1T = d Ayisuap pmig 8 |
/LT 00TT SHP ‘HV UOTJBSUIPUOD WIBIJS JO JBaY] JUJR] 7 |
DB/PL 0S¢ d> D Jeay oyads pmig 9 |
D. 0TI SL °’r amjeradwe) wealg G |
D. 001 L °r amjeradwa) Ja81e], % |
D. 09 ‘TL 'r amjerodwa) paaj ¢ |
S/ 1 1 E 3361 MOJj P Tz |

uonenby SHup)  onjej  owieN [90X7 QWIEN IX9],  9qElLIep T
d a | a | D) g v

12/1/2010 1:05:07 AM

83538_C016.indd 526



Spreadsheet Applications 527

Create Names from Selection

Create names from walues in the:
Left column
[] Bottom row

[] right colurmn

wi

l OK ][ Cancel ]

FIGURE 16.2

The total heat transfer area A

0= AUAT,,

The shell diameter D

2.142
N=03 19(D)
d

The tubes length L

A= NmndL

16.2.3  EXCEL IMPLEMENTATION

In an Excel spreadsheet and in the range A2:A29, type the names of the process
variables incorporated in the previous solution as shown in Figure 16.1. The range
A2:Al14 is used for the data while the range A16:A29 for the results. In the next
column and in the range B2:B29, type the symbols for these variables as used in the
solution provided earlier.

In the range C2:C29, type the corresponding names in Excel. Use names simi-
lar to their symbols in the text if possible. In the range E2:E29, type the corre-
sponding units.

By selecting the range C2:D29 and by simultaneously pressing the buttons Ctrl +
Shift + F3, the names in column C are assigned to the cells of column D (Figure 16.2).

Enter the data for the given variables in the range D2:D14. Enter the equations
according to the previous solution procedure into the range D16:D29. These equa-
tions are presented for information in the range F16:F29.

The problem has been solved. Any change of the data will change the result. The
problem is solved with just 13 equations in the range D16:D29 by using 13 data in
the range D2:D14. All other text in the spreadsheet is for information (Figure 16.1).
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16.3 PSYCHROMETRIC CALCULATIONS

In this example, the following simple Excel calculations are introduced:

e Use the Goal Seek function to solve an equation
e Automate Using Simple Visual Basic
e Assign a macro to a button

16.3.1 PRrROBLEM FORMULATION

For an air/water mixture, when the following conditions are given:

P =1 bar Pressure
T =65°C Temperature
Y =0.035kg/kg db Total humidity (liquid + vapor)

Calculate the following properties:

P, bar Dew pressure

P, bar Vapor pressure at temperature 7'

P, bar Vapor pressure at temperature 7,,

T, °C Boiling temperature

T, °C Dew temperature

T, °C Wet bulb temperature

Y, kg/kg db Humidity in liquid

Y, kg/kg db Humidity in vapor

Y, kg/kg db Saturation humidity at temperature 7'
Y, kg/kg db Saturation humidity at temperature 7,
a, — Water activity

H kl/kg db Enthalpy of humid air

Cp kJ/kg K db Specific heat of humid air

AH; kl/kg Latent heat of condensation of water

vapor at temperature 7'

Suppose that the following data are valid:

m=0.622 Air/water molecular weight ratio

Cpy = 1.00kJ/kg K Specific heat of air

Cpy=1.90kJ/kg K Specific heat of water vapor
Cpy=4.20kJ/kg K Specific heat of liquid water
AH,=2.50MJ/kg Latent heat of water evaporation at 0°C
a,=1.19 x 10! Antoine equation constants for water
a,=3.99 x 10°

ay=2.34x10?
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16.3.2 PRrROBLEM SOLUTION

529

A simple psychrometric model has been presented by Maroulis and Saravacos

(2003) as follows:

Ps=exp [a; - ay/(a; + T)]

Yg=m Pd(P - Pg)

Y, =min (Y, Yy)

Y, =Y-Y,

Y, =ma, PyJ(P - a,Py)
H=Cn,T+Y,(AHy+ Cp, 1)+ Y,Cp, T
T,=-a;+a/(a,—InP)
T,=a)/(a,—In[Y Pl(m +Y)]) —as
P, =expla, —a)/(a; + T)]

P, =expla, —a,/(as + T,)]
Y,=mPJ/(P-P,)
Cr=Cp+Y,Cpy

AHg=AHy— (Cp — Cp)T

(Yy— YT ~T,) = - CJAH,

(EO1)
(B02)
(E03)
(E04)
(B05)
(B06)
(BO7)
(E08)
(E09)
(E10)
(B11)
(E12)
(E13)
(E14)

Based on these equations, the following algorithm can be used:

(E01) — P,
E02) - ¥,
(E03) - Y,
(E04) - Y,
(EO05) - a,
(E06) - H
®7) - T,
(E08) — T,
(E09) — P,
T, Trial value
(E10) - P,
(E11) - Y,
(E12) - Cp
(E13) - AH
(E14) — T, Corrected value

-

16.3.3  EXCEL IMPLEMENTATION

Using the same conventions as in the previous example, the following spreadsheet is
constructed (Figure 16.3):

As the algorithm suggests, wet bulb temperature is calculated by trial and error,
which means that we assign a trial value to cell D23 and examine the resulting cell
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Goal Seek
Set cell: IdTw E3)
To value: IO l
By changing cell: |Tw [Eﬁ]
oK [ Cancel
FIGURE 16.4

D29. We try different values in cell D23 until we obtain the same value in cell D29.
The difference between the trial and corrected values is calculated in cell D30.
Alternatively, we can use the “Goal Seek” function of Excel to automatically set
cell D30 to equal 0 by changing cell D23. Goal Seek can be found in the “Data”
menu by selecting the “What-if Analysis” submenu (Figure 16.4).
Furthermore, we can automate the procedure as follows:

e From the “Developer” menu and the “Insert” submenu select a Button
(Form Control) and insert it into the spreadsheet.

e By right clicking on the button, select “Edit text” and insert a caption e.g.,
wbt (Wet Bulb Temperature).

e By right clicking on the button, select “Assign Macro” (Figure 16.5) and
then “Edit.”

* Type the following subroutine within the Visual Basic Editor.
1. Sub wbd()
2. Range(“Tw”).Value = Range(““Td”).Value
3. Range(“wbt”).GoalSeek Goal: = 0#, ChangingCell:=Range(“Tw”)
4. End Sub

The calculations are automatically happened every time the button “wbt” is

clicking.

16.4 PSYCHROMETRIC CHART

In this example, the following Excel functions are introduced:

e Use a 2D Excel table
e Use an Excel chart
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| Assign Macro @@

Macro name: :
wht| [ New ]
ThisWorkbook.wbd
Macrosin: | All Open Workbooks |
Description

I OK I [ Cancel ]

FIGURE 16.5

16.4.1 ProBLEM FORMULATION

Construct a psychrometric chart, i.e., plot the humidity in vapor Y, (kg/kg db) versus
the temperature 7" (°C) for some constant values of water activity a,, (-) for an air
water-vapor mixture at any pressure P (bar).

Suppose the following parameters are given:

m=0.622 Water molecular weight ratio
a,=1.19x 10! Antoine equation constants for water
a,=3.99 x 103

ay=2.34x10?

16.4.2 PROBLEM SOLUTION

The humidity is calculated from the equation

. ma,pPs
(P—a,Ps)

|4
where the vapor pressure is calculated by the Antoine equation
a—a,
Ps =exp| ———
’ p[(a3 - T)]
Thus, for any given values of P, T, and a,, the Y, is obtained.

16.4.3 EXCEL IMPLEMENTATION

The solution just presented is provided in the following spreadsheet (Figure 16.6):
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I | 7 [ x | U M N
1 Text Excel
Variable Symbol Name Value Units Equation
2 Antoine equation a, al. 1.19E+01 —
| | constant for water al
3 Antoine equation a, a2. 3.99E+03 —
|| constant for water a2
4 Antoine equation a, a3. 2.34E+02 —
L constant for water a3
Air/water molecular m m 0.622 —
weight ratio
6 Water activity a, aw. 1.00 —
Z Pressure r P. 1.00 bar
8 Temperature T T. 65.00 °C
9 Vapor pressure at P, Ps. 0.249 bar :=EXP(al.-a2./(a3.+T.))
| temperature
10 Humidity in vapor Y, Yv. 0.206 kg/kgdb  :=m*aw.*Ps./(P.—aw.*Ps.)
FIGURE 16.6

A 2D Excel table is used to calculate the humidity for various values of temperature
and water activity as follows (Figure 16.7):

1. In the range R4:R99, type the desired values for temperature and in the
range S3:W3, the desired values for water activity.

2. In cell R3 insert the equation “=YV.”

3. Select the range R3:W25, and from the menu “Data” and submenu
“What-if Analysis” select “Data Table.” The Data Table dialogue will
appear (Figure 16.8).

4. In Data Table Dialogue assign cell “T” for the Row Input Cell and cell “aw”
for the Column Input Cell. The corresponding values for humidity are auto-
matically filled in the range S4:W25 (Figure 16.7).

Select the range R3:W25 shown in Figure 16.7 and from the menu “Insert” select
the “Scatter” diagram. The psychrometric chart in Figure 16.7 is constructed.

16.5 CALCULATIONS ON PSYCHROMETRIC CHART

In this example, the following Excel function is introduced:
* Use the scroll bar to change the values of a variable

16.5.1 ProBLEM FORMULATION

In the psychometric chart of Example 3, select a point of given temperature and
humidity (7, Y) and construct the corresponding dew point (7,, Y), the saturated
point (7, Y,), and the wet bulb point (7}, Y,).
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FIGURE 16.7
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P[] Q R | s [ T U v W]
1
T Yv(T, aw)
3] 0206] 020 040 060 080 100
|4 | o 0001 0002 0002 0003 0.004
|5 | 5 0001 0002 0003 0004 0.006
6 | 10| 0002 0003 0005 0006 0.008
7] 15| 0002 0004 0006 0009 0.011
| s 20( 0003 0006 0009 0012 0015
| 9] 25| 0004 0008 0012 0016 0.020
[ 10| 30| 0005 0011 0016 0022 0028
|11 35| 0007 0014 0022 0029 0037
12 40| 0009 0019 0029 0039 0.050
13| 45| 0012 0025 0038 0052 0.066
(14| 50| 0016 0032 0050 0068 0.087
[16] 55| 0020 0042 0065 0089 0.116
17 60| 0026 0054 0084 0117 0.154
(18] 65| 0033 0069 0109 0155 0206
9] 70| 0041 0088 0142 0205 0279
20] 75 0052 0112 0185 0275 0386
21| 80| 0065 0144 0244 0375 0552
[22] 85 0081 0185 0326 0527 0.836
23] 90| 0100 0240 0445 0779 1418
|24 95| 0125 0314 0629 1265 3215
|25 99| 0150 0.394 0864 2145 19447
[27]
I [ K [ L [ M N
1—; 0.250 T
] Water activity = 1.00
[14]
15|
el 0.200 ;
[17]
18
o] =
ol E" 0.150 1
2 2
2| &
3| T
s E 0.100;
l5| T
26|
[27]
28] 0.050
29
[30]
[31]
[32]
133] 0.000 v v v .
|34] 0 10 20 30 40 50 60 70 80 90 100
% Temperature (°C)
37
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Data Table
Row input cell: IT 3
Column input cell: ]awl (E=5)
OK Cancel ]
FIGURE 16.8

16.5.2 PROBLEM SOLUTION

When P, T, and Y are given, all the corresponding psychrometric properties are cal-
culated according to Example 2.

Thus, if we combine Examples 2 and 3 in one spreadsheet, the problem is solved
by plotting the results of Example 2 in the chart of Example 3.

16.5.3 EXCEL IMPLEMENTATION

In the range AC27:AD33, insert the equations presented in the range AH29:AI31. In
the psychrometric chart insert two more curves, AC27:AD31 and AC32:AD33, and
the icon appears in Figure 16.9.

If the values of cells T and Y change, the above points are moved in the chart
and the new conditions appear. Obviously, the button “wbt” described in Example 2
should be pressed (Figure 16.3).

More automation can be applied by using “scroll bars™:

From the “Developer” menu and the submenu “Insert” insert a “Scroll Bar.” By
right clicking on the Scroll Bar select “Format Control” and select the temperature
cell T (F11) for the “Cell Link™ (Figure 16.10).

In order to automatically calculate the wet bulb temperature (without clicking the
“wbt” button) right click the scroll bar and select “Assign Macro.” Assign the macro
“wbt” to the scroll bar.

The Scroll Bar is now able to automatically change the temperature and move the
point (7, Y) left or right. All other points (7, Y), (T, Y,), and (T,,, Y,) are automatically
redrawn.

Scroll bar can also be inserted for pressure and/or humidity.

16.6 ISOTHERMS

In this example, the following Excel functions are introduced:

» Construct a simple properties database
e Use a Combo Box to present data from a database
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AA | AB[ AC[AD | AE [ AF [AG [ AH [ Al [ A]J [ AK [ AL [ AM |

0.250 7
‘Water activity = 1.00

[ 0.80
(1Y)

0.60

0.200

0.150

=
[Sle]e [w]o Jole [e]w]-

Humidity (kg/kg db)

0.100

17 0.050

21 0.000 T T T T T T T T
22 0 10 20 30 40 50 60 70 80 90 100
23 Temperature (°C)

27 65 0.206
28 65 0.035
29 34 0.035
30 65 0035 =
31 39 0.047|(T,, Y,) =T, :=Y,

T,Y) = 1= Y
T,Y) 1= =Y
Ty Y) =Ty =Y

FIGURE 16.9

16.6.1 ProBLEM FORMULATION

The equilibrium material moisture content X, depends on air temperature, 7 and
water activity, a,,.

Various empirical or semitheoretical models have been proposed in the literature,
but a modified Oswin model seems to be the most appropriate in process design
calculations:

b a »
_ 2 w
X.=b eXp[(273+T):||:(1—aw)}

where b,, b,, and b are adjustable empirical constants, depending on the material
characteristics.

The purpose of this example is to construct a database in an Excel environment to
incorporate the Oswin constants for some materials and by using the various Excel
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Format Control @[zl
[ see | Protection | Properties | web | Comtrd |

Current vake: €5 ‘

Mrimum value: o -

gmaior: (1303

Incremental change: LL 77777 ;

Bage change: 10 )

Cell brk: |1|
30 shadng

Lo J[ conca |

FIGURE 16.10

utilities to construct an environment in which the moisture isotherms for various
materials will be examined automatically.

16.6.2 EXCEL IMPLEMENTATION

Retrieve some values for the Oswin constants from the literature (e.g., Maroulis and
Saravacos 2003) and insert these values in to an Excel spreadsheet as shown in the
range B2:E6 in Figure 16.11.

Insert initial data values for the variables as follows:

jMaterial Material identification number
T Temperature
Aw Water activity

Insert the following equations for the following corresponding variable:

Name :=INDEX(Material,jMaterial)

bl. :=INDEX(Oswinl,jMaterial)

b2. :=INDEX(Oswin2,jMaterial)

b3. :=INDEX(Oswin3,jMaterial)

Xe :=bl."EXP(b2./(273 + T))"(aw/(1-aw))"b3.

The INDEX function selects a specific value from an array.
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Al B Cc [ o[ E ] F [T HIT 1 [ J T x T L 1 M|
1
_2 Material ~ Oswinl Oswin2  Oswin3
B Potato 3.27E-04 1.84E+03 4.00E-01
_4. Carrot 7.35E-04 1.75E+03 4.01E-01
| 5| Pepper 4.01E-04 1.98E+03 3.89E-01
_6 Onion 6.51E-04 1.83E+03 3.77E-01
7
| 8| jMaterial 1 Potato +)
9
10 Potato 0.60
11 bl. 3.27E-04
112 ] b2. 1.84E+03 .
113 | b3.  4.00E-01 5 Temperature (°C) 1
o 050
|14 | T 65°C = 25
115 | aw 0.25 - j:f - = 50
116 | Xe 0.05 kg/kg db = - 75
17 2 040
el a
Ed g
119 0.05 25 50 75| o
120] 001] 002 001 o001 3
[21] 001| 002 002 001 & 030 !
122 ] 002| 003 002 001 E /
[23] 005 005 003 002| E I}
24 | 010/ 007 004 003 £ /.,
[25] 015 008 005 o003 & 020 / S
26| 020( 009 006 004 E / L0
|27 | 030| 011 007 005 & _ .
(28] 040/ 013 008 006 E (50 e - ',/'
[29] 045 014 009 006] F T e LT
[30] 050| 016 010 006 = P T
|31 ] 055 017 011 007 ATt
132] 060| 018 011  0.08 0.00
133 0.65 020 012 008 000 020 040 060 080 100
EA 070| 022 014 009 -
135 075 024 015 0.0 Water activity
36| 080 027 017 011
137 ] 085 031 019 013
38 ] 090| 038 023 016
139] 093] 043 027 018
140 | 095 051 032 021
[41 |
[42]
[43]

FIGURE 16.11

The following Excel names should be assigned in the following cells:
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Name
aw

bl.

b2.

b3.
jMaterial
Material
Oswinl
Oswin2
Oswin3
T

Xe

Cell
Cl15
Cl11
C12
C13
C8
B3:B6
C3:C6
D3:D6
E3:E6
Cl4
Cl16
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Format Control @@

[ sze | Protection | Properties | web || Cortral] | :

Inpkrange:  [Material =]
Cell [#ateria
Drop dovn Ines:

[J 2D shadmy

C= ) [

FIGURE 16.12

Insert a 2D Excel table using water activity values as the Column Input Cell and
Temperature values as the Row Input Cell. The resulting table is shown in Figure 16.11.

Insert a Scatter Graph, as also shown in Figure 16.11, to graphically represent the

results of the 2D Excel table.
Automate the material selection using a “Combo Box™:

e Insert a “Combo Box” from the menu “Developer” and submenu “Insert.”

e Right click on the Combo Box and select “Format Control.”

e In the “Format Control Dialogue,” assign the “Material” name to the “Input
Range” and the “jMaterial” name to the “Cell Link” (Figure 16.12).

The spreadsheet is now fully automated:

By clicking the Combo Box, the available material appears in the Combo Box
List, and when a material is selected from the list, the material isotherms are auto-
matically plotted in the Chart (Figure 16.11).

16.7 FITTING RHEOLOGICAL DATA FOR CHOCOLATE

In this example, the following Excel functions are introduced:

e Use matrix operations (Alt + Ctrl + Shift + ok)
¢ Excel Solver
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16.7.1 ProBLEM FORMULATION

Analyze the rheological data on chocolate at 40°C, obtained in the COST 90
European project (Prentice and Huber 1983), using the Casson model:

T= (,COI/2 +Kc ,Y1/2)2
where

T (Pa) is the shear stress

Y (1/s) is the shear rate

T, and K, are the Gasson constants

A B | ¢ | o | E T[T *® ] ¢ | H |
1
2 Labs 17 To 27.0
B Espx 432 Kc 1.68
Shear stess  Shear stess
4 Lab Shear rate experimental calculated
5 g Texp Tcal sd 1446
6 UCD 6.81 109 92
7 8.41 137 101
8 13.64 182 130 Model
9 29.11 217 203 Shear rate Shear stress
10 35.96 307 233 0.00512 28
11 58.33 254 325 0.05 31
12 72.20 462 379 0.1 33
13 89.18 367 443 0.2 35
14 10,000 41
5 47
16 57
17 80
18 110
19 1,000 161
20 291
21 < 483
»n | £ 838
23 § 100 1827
24 2 2777
25 g
26 v
27
28 10
29
30
31
32
33 1
34 0.001 0.01 0.1 1 10 100 1000
35 Shear rate (1/s)
36 0.34 50 38
37 0.43 52 40

FIGURE 16.13
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16.7.2  EXCEL IMPLEMENTATION

In the spreadsheet in the Figure 16.13, 423 experimental data from 17 different labo-
ratories are introduced in the range C6:D428.
Initial values for the Gasson constants are also introduced in the range H2:H3.
In the range E6:E428, the calculated values using the Gasson model are intro-
duced using the equation:= (To*0.5 + Kc*g*0.5)"2 in each cell.

The following Excel names should be assigned in the following cells:

Name Cell

g C6:C428
Kc H3
sd H5

Tcal E6:E428
Texp D6:D428
To H2

The standard deviation between the experimental and calculated values is estimated
in cell HS by using the equation:

={SQRT(SUM( (Texp-Tcal)*2))}

Since Texp and Tcal are arrays, the mathematical operation in the cell refers to the
matrix operation.

This is denoted by pressing Alt + Ctrl + Shift simultaneously when ok is clicked
to end the equation editing. If the brackets {} exist in the equation, the matrix opera-
tion has been accepted.

A comparison between the experimental and calculated values can be obtained
by introducing the appropriate chart.

Curve fitting means finding the best values for the parameters To and Kc to mini-
mize the standard deviation sd between the experimental and calculated values.

Solver Parameters
Set Target Cell: 3
Equal To: OmMax @ mMn O value of: l:l

By Chanaging Cells:
[T0,kc Guess
Subject to the Constraints:
Add
h.

FIGURE 16.14
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This operation can be performed using the Excel Solver:

e From the menu “Data” select “solver” and the Solver Parameters Dialogue
will appear (Figure 16.14).

e Select the “min” operation, insert the variable “sd” in the “Set Target
Cell” parameter, and the variables “To; Kc” in the “By Changing Cells”
parameter.

* By pressing the button “Solve”, the optimization procedure is executed, and
after some iteration, the optimal parameter estimates are obtained.
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