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Refresh on DoE-DiVa?

25/01/23

- DoE-DiVa is a user-friendly Software for Engineers and 

Scientists in R&D, developed in JAVA by

- DoE-DiVa enhances Design of Experiments and makes it

more intelligent, with User-factors and eXplaining-factors

- DoE-DiVa enhances Similarity Theory for Dimensionless

Variables by integrating DoE for Scale-Up and Scale-Down
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This is how the DoE-DiVa looks.

DoE-DiVa has a 

Conductor,

not a wizard 
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- DoE-DiVa let‘s the user choose his

Dimensions, Units, Transforms and 

Scaling and carries them through all 

the User-Software work session

- DoE-DiVa differentiates between

- u-factors and x-factors

DoE-DiVa‘s conductor is easy
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DoE-DiVa‘s conductor is flexible

- Based on factor dimensions DoE-DiVa
suggests the Transformation to get

dimensionless x-factors,

- allows adjusting these,

- allows

editing

them
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DoE-DiVa‘s conductor is communicative

25/01/23

- DoE-DiVa exports x-factors

and x-designs to MODDE® 

- DoE-DiVa exports formulae

for u-designs to MODDE® 

for optimization at low and 

high scale

Fr cT__x d ncr Q_1

R0 -9,398 -4,30 20 0,046 2,519

R1 -9,072 -4,30 20 0,053 2,411

R2 -8,800 -4,30 20 0,057 2,311

R3 -8,605 -4,30 20 0,060 2,233

R4 -8,451 -4,30 20 0,063 2,178

R5 -9,056 -4,00 20 0,062 2,478

R6 -8,800 -4,00 20 0,069 2,392

R7 -8,608 -4,00 20 0,074 2,331

R8 -8,441 -4,00 20 0,080 2,276

d_C (10^( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888))/0.01

q_C (10^(0.068966*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551))/1.0E-6

cT_C (10^(v2))/1.0E-6

ncr_C (10^(v6+( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888)* - 3+(0.068966*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551)))

Q_1_C Log10(v4)+( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888)*3 - (0.068966*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551)
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1. Dimensional Analysis and Similarity Principle
2. Dimensionless eXplaining factors vs. User factors

3. Using DoE-DiVa for preparing simple Scale Up

4. Using MODDE to perform the Scale Up
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SI system: Base Dimensions and Base Units

25/01/23

“The International System of Units, known by the international 

abbreviation SI in all languages and sometimes … as the SI system, is the 

modern form of the metric system and the world's most widely used 

system of measurement.

It is the only system of measure-

ment with an official status in 

nearly every country in the 

world, employed in science, 

technology, industry, and 

everyday commerce”. 
https://en.wikipedia.org/wiki/International_System_of_Units

Symbol Base Unit Base Dimension

m metre length

kg kilogram mass

s second time

A ampere electric current

Kel kelvin thermodynamic temperature

mol mole amount of substance

cd candela luminous intensity
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SI system: Derived Dimensions and Units

25/01/23

“The system allows for an unlimited number of additional units, called 

derived units, which can always be represented as products of powers of 
the base units, possibly with a nontrivial numeric multiplier. When that 

multiplier is one, the unit is called a coherent derived unit.” 

https://en.wikipedia.org/wiki/International_System_of_Units

Symbol Unit Derived Dimension Relation m kg s A Kel mol cd

1/s hertz frequency 1/time(s) -1

N newton force mass(kg)*acceleration (m/s²) 1 1 -2

Pas pascal pressure force(N)/area(m²) -1 1 -2

J joule energy force(N)*distance(m) 2 1 -2

W watt power energy(J)/time(s) 2 1 -3

V volt potential difference power(W)/electric current(A) 2 1 -3 -1

C coulomb electric charge electric current(A)*time(s) 1 1

M kg/mol ( !! ) molar mass mass(kg)*amount of substance(mol) 1 -1

cp J/kg-Kel specific heat capacity energy(J)/mass(kg)/Kel 2 -2 -1
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Permitted non-SI units (in our words „User“-Units)

25/01/23

“There is a special group of units that are called "non-SI units that are 

accepted for use with the SI". Most of these, in order to be converted to 

the corresponding SI unit, require conversion factors that are not 

necessarily powers of ten.” 

https://en.wikipedia.org/wiki/International_System_of_Units

Symbol
Non-SI        

"User"-Unit
Dimension

Relation to SI-Unit                             

gradient * SI-Unit + offset
m kg s A Kel mol cd

min min time min = 60 * s + 0 1

rpm rpm frequency 1/min = 0,0166666667 * 1/s + 0 -1

°C °Celsius temperature °C = 1 * Kel + 273,15 1

cm³ / s ccm/sec volume or gas flow cm³/sec = 0,000001 * m³/s + 0 3 -1

M [g/mol] gr/mol molar mass M[g/mol] = 0,001*kg/mol + 0 1 -1

atm atmosphere pressure atm = 101325 * Pas + 0 -1 1 -2
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Buckingham π theorem of Dimensional Analysis

25/01/23

“The Buckingham π theorem describes how every physically meaningful 

equation involving n variables can be equivalently rewritten as an equation of 

n − m dimensionless parameters, where m is the rank of the dimensional 

matrix. … provides a method for computing these … from the given variables.” 

https://en.wikipedia.org/wiki/Dimensional_analysis

Symbol Unit Dimension Relation m kg s A Kel mol cd Froude cT inv Gasflow

rpm rpm frequency 1/min = 0,0166666667 * 1/s + 0 -1 1

°C °Celsius temperature °C = 1 * Kel + 273,15 1

cm³ / s ccm/sec volume or gas flow cm³/sec = 0,000001 * m³/s + 0 3 -1 2 -1

g gravity consant acceleration acceleration (m/s²) 1 -2 -1

d cm length cm = 0,01 * m 1 -5 3

c dimensionless vol/vol concentration volume(m³)/volume(m³) 0 0 0 1

Fr dimensionless power number power/density/frequency³/length^5 0 0 0

Q_1 dimensionless Reynolds number area*frequency*density/viscosity 0 0 0

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 12

Similarity theory – Ähnlichkeitstheorie 

25/01/23

Similarity theory is a technique 

in physics and engineering that 

describes how a physical process 

(large scale original) is 

traced back to a model process 
(small scale model) with the 

help of dimensionless ratios. 

This theory is both used for 

theoretical considerations as 

well as for experimentation. Marco Zlokarnik: Auslegung und Dimensionierung eines mechanischen
Schaumzerstörers. Chem-Ing.-Tech. (56) 1984 Nr. 11, S. 842



31/03/2023

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 13

The Similarity Principle and its Contraposition

25/01/23

If the state of a system can be 

completely described by the 

dimensionless factors,

then two manifestations of a 

system behave the same, if they 

have the same settings of the 

dimensionless factors (x-factors).

even if the real factors (u-factors) 

have different setting values.

Contraposition: Influencing factors 

that induce the most change in a 

system must be dimensionless.

Therefore: optimal experimental 

design, with

maximal information (=variation),

and with

minimal experimental effort

must be for 

dimensionless factors.

1. Dimensional Analysis and Similarity Principle

2. Dimensionless eXplaining factors vs. User factors
3. Using DoE-DiVa for preparing simple Scale Up

4. Using MODDE to perform the Scale Up
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u: User-factor, to be set in the experiment, e.g. Temp, pressure etc.

x: eXplaining-factor, to be used in the model, e.g. a force-ratio

Tx: transformation to get from u to x, e.g. ratio, dimensionless variable 

c: coefficients or parameters in the model, f, to be determined by model FIT

z: measured response value

y: transformed response value, e.g. ratio or product of a z and some u
Ty: transformation to get from z to y, may also just be log or neg-log

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 1525/01/23

The general DoE-DiVa-approach

u: User-factors, d=diameter (to scale up), q=volume flow, cT=tenside conc.

x: dimensionless eXplaining-factor: Froude number and cT_x (vol/vol) 

Tx: transformation: Fr = q2/d5g, cT_x = cT. (g = gravitational constant)

c: coefficients or parameters in the model, f, to be determined by model FIT

z: measured response value, ncr = critical revolution number

y: dimensionless response value, Q_1
Ty: transformation to get from z to y, Q_1 = ncr / q * d³

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 1625/01/23

Todays Scale-Up-example:
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Design: How to get u from f and the transformation

Model Fit: how to get coefficients, c, from x and y

Optimization: how to get the u from the specification for z

model&

design

factor

transform

response

transform

The role of the Transformations

25/01/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 18

The Scale-Up principle – using similarity

Do experiments here

at the left where

diameter is low

Fit the model here (green plane)

for dimensionless Fr and cT Transfer the
optimum to

the high scale,

here at the right

where diameter

is high
Tx,low

-1

Tx,high
-1

d_C (10^( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888))/0.01

q_C (10^(0.068966*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551))/1.0E-6

cT_C (10^(v2))/1.0E-6

ncr_C (10^(v6+( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888)* - 3+(0.068966*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551)))

Q_1_C Log10(v4)+( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888)*3 - (0.068966*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551)

Tx
-1 Formulae for MODDE! 

d

cT

q

cT

Fr

d_su
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d

cT

q

cT

Fr

d_su

(c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 1928/09/2022

x-design

Low scale u-design

High scale u-design
(not in the drawing)

1. Dimensional Analysis and Similarity Principle

2. Dimensionless eXplaining factors vs. User factors

3. Using DoE-DiVa for preparing simple Scale Up
4. Using MODDE to perform the Scale Up
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Scale-Up example: Defoamer
u1 = d = diameter,                 20 to 40 cm (Scale-Up)

u2 = q = gasThroughput,     1.6 to 3.4 cm³/s

u3 = cT = tensileConc,          50 to 100 ppm

u4 = g = gravity, const 9.81 m/s²

Exponent V-Matrix

(for factors)

cT_xFr

0-5u1

02u2

10u3

0-1u4

28/09/2022

By the Similarity Principle of DA, moving

orthogonally to dimensionless plane, along

d_su, leaves the system invariant. Experiments 

for fitting y = fcausal(x) can be done at d = 20 cm
d

cT

q

cT

Fr

d_scale_up
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Step 1: u-factors

25/01/23 (c) Prof. Andreas Orth, Umesoft GmbH, Eschborn 24

Step 2: x-factors

Fr = q2/d5g, 

cT_x = cT
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Info, T – transformation as a matrix,
this T is easily invertible for fixed d = low or high
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Step 3: choose x-factors to use
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Step 4: define z-response(s)
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Step 5: define y-response(s)
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Step 6: view and edit x-settings
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Step 6ff: x-settings

In this example inner limits and 

outer limits are the same
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Step 7: select the design variation
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Step 7f: Look at the design (u-… and x-…)
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Step 7ff: Look at the design (u-… and x-…)

1. Dimensional Analysis and Similarity Principle

Dimensionless eXplaining factors vs. User factors

2. Using DoE-DiVa for preparing simple Scale Up

3. Using MODDE to perform the Scale Up
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Step 8: Enter (z-)results; Export to MODDE®
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x-Design and u-formulae exported to MODDE®

d_C (10^( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888))/0.01

q_C (10^(0.0689655*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551))/1.0E-6

cT_C (10^(v2))/1.0E-6

ncr_C (10^(v6+( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888)* - 3+(0.0689655*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551)))

Q_1_C Log10(v4)+( - 0.172414*v1+((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949))) - 0.1709010475331888)*3 - (0.0689655*v1+2.5*((Log10(0.01*v3) - ( - 0.172414*v1 - 0.172414*0.9912260756924949)))+0.06836041901327551)

Fr cT__x d ncr Q_1

R0 -9,0720008 -4,30103 20 0,0525063 2,4111137

R1 -8,7997663 -4,30103 20 0,0570879 2,311329

R2 -8,6051676 -4,30103 20 0,0595826 2,2326052

R3 -8,4514876 -4,30103 20 0,0626672 2,177686

R4 -9,0561599 -4 20 0,0624407 2,4784493

R5 -8,7997663 -4 20 0,0687186 2,3918596

R6 -8,6082865 -4 20 0,0744702 2,3310275

R7 -8,4411163 -4 20 0,0796169 2,2764651

R8 -8,7292189 -4,150515 20 0,0525063 2,177686

R9 -8,7292189 -4,150515 40 0,0796169 2,4784493
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Step 9: Use MODDE® to Analyse and Optimize
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Step 9f: Prepare the worksheet (… obs-column) 

Add an uncontrolled factor, ncr_obs
and copy reponse values

Exclude these two rows
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Step 9ff: Prepare the worksheet (u-T-1ransforms)

Add „derived responses“ for the u-factors: d_C, q_C, cT_C,
then add „derived responses“ for the responses, ncr_C, Q_1_C,
using the formulae that the DoE-DiVa provided.
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Step 9fff: Check the worksheet (u-T-1ransforms)

Remove the last two rows from the worksheet,

they were needed for MODDE to not set d to constant. 
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Step 10: Edit the model to be used for FIT
Set the Q_1-model to

Fr, cT & Fr*cT
(i.e. remove d)

Set the ncr-model to

ncr_obs (nco)
(we only need this

later, when we

compare scale-Up

results) 
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Step 10f: FIT the model – y-response to x-design

R² and Q2 are

always 100%

because

Y = ncr and

X = ncr_obs
(it‘s done for

technical reasons

later in

prediction)

This is just a

very good fit

for Q_1 as a

model of the

x-factors
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Step 10ff: Check obs vs pred for the z-response, 
ncr

z-response
Worksheet /

Scatter

Obs vs Pred
y-response
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Step 11: Optimize for the high Scale, d = 40

d

cT
q

cT

Fr

d_su
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Step 11f: Before we optimize: Think    

ncr was (already) minimal
rotation, for which de-

foaming works. We in fact

control n, n must be > ncr.

What we probably want:

Given a gas throughput, q, 

(that causes formation of foam), 

what ncr should we use, 

and how much tenside, cT? 
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Step 11ff: Optimization result at d = 40

Gas throughput, 

q, is too high

Maybe we don‘t need

the big defoamer,

d = 30 cm may suffice

And the model

extrapolates for

Fr = -9,5  
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Step 11fff: Optimization result at d = 30

Gas throughput, 

q, is ok now!

Indeed, it seems,

the defoamer with

d = 30 cm is better

And the model is

not extrapolated

Fr = -8,99 is good 
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Step 11ffff: Optimization result at d = 20

Gas throughput, 

q, is now too low!

So, a defoamer with

d = 20 cm is also 

unsuited

And the model wants

to extrapolate

Fr = -8,204 is limit 
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Step 12: Validating Scale Up, 
when data are available

*

We have data* 

for d=30/40!

Import the

u-factor data
into the

DoE-DiVa
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Step 12f: Validating Scale Up
Enter z-response data* for d=30/40, then Copy/Paste to MODDE®
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Step 12ff: Use MODDE® Prediction set

Just copy/paste , Fr, cT, d and ncr_obs
ncr_obs and ncr_C should match!
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Step 12fff: Use MODDE® Prediction Scatter Plot

For d = 30 cm, the

model is reliable

At the dark points

Fr is extrapolated
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Thank You!

and in particular to:

Chhawang Lama

Anthony Orth
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