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Auslegung und Dimensionierung eines
mechanischen Schaumzerstorers*

Marko Zlokarnik**

Design and dimensions of a mechanical defoamer. This
paper presents a newly developed powerful mechanical de-
foamer which exploits centrifugal force and, thanks to circu-
lar channels, also Coriolis force for destruction of foam. It is
incorporated into containers such that the expelled foam
concentrate is deflected by the lid without producing fresh
foam. Model experiments with three gcometrically similar
but different sized laboratory models led to dimensional-
theoretically formulated process-relations of the defoamer
for various material systems (five chemical foamers, two
biological substrates). Such process-relations represent a
reliable basis for design and dimensions of the defoamer

R

’0‘.‘.0302 presented, on the one hand, and permit determination of an
.Q:Q:Q:OO “intermediate characteristic”, having the dimensions of ac-
Daabated celeration, which represents the mechanical degradability of

the foam.

Chem.-Ing.-Tech. 56 (1984) Nr. 11, S. 839 —-844  @© Verlag Chemie GmbH. D-6940 Weinheim 1984
0009-286X/84/1111-0839%02.50/0
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Conductor || View Settings v || View Design Design Diagn. ~ v Abb
Name | diameter ’
LE]
Dimension
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pm— v e LT
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Define Factors
Dimension Type | LENGTH -
Select Scal
Key Name Low High Role  Unit Trans
d diameter 20.0 400 CONTR cm LOG r 3
Unit | cm = @ +‘ @Case'l' S
a9 |Sefhioughpt (342 (430 [CONTR [omi3i 106 4 will be set up at low scale, in a way that limits are valid at both scales.
cT TensideConc 50.0 1000 CONTR ppm LOG
MmC MaterialConstant 1.0 1.0 CONST  sI LOG Transformation LOG =
g Gravitation 98 98 CONST g L0G Case o “Scale Up': Limits defined for other CONTR-factors are valid at low scale.The design

will be set up at low scale, in a way that limits are valid at the low scale.
Low Setting 20.0
“Scale Down'”: Limits defined for other CONTR-factors are given for the high

@ scale.The design will be set up for low scale, with limits calculated by DoE-DiVa to

High Setting | 40.0 compensate for the change of scale, this means that limits will be valid at the high
scale after Scale Up.
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Conductor || View Settings v || View Design Design Diagn. ~
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Vmatrix | x-Settings | u-Settings | VRes | Wres | y-response(s)

# Weight Outerlow User Low Inner Low Mean Inner High User High Outer High

Fr 1.0 -9.08814 -9.08814 -9.08814 -8.76078  -8.43342 -8.43342 -8.43342
cl_x |10 -4.30103 -4.30103 -4.30103 -4.15052 4.0 -4.0 -4.0
MC 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
g 0.0 0.991226 0.991226  0.991226 0.991226 0.991226 0.991226 0.991226
dsu 00 -0.69897 -0.69897 -0.69897 -0.69897  -0.69897 -0.69897 -0.69897
Transformation  Use
(® 106 ®) Inner Outer Setting Generate x-Settings
back-transform Inbetween
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# Weight Outer Low User Low Inner Low Mean

Fr 1.0 -9.08814 -9.08814 -9.08814 -8.76078
cl x |10 -4.30103 -4.30103 -4.30103 -4.15052 Uz tow
MC 0.0 0.0 0.0 0.0 0.0
g 0.0 0.991226 0.991226 0991226 0.991226 0.991226 0.991:
dsu 00 -0.69897 -0.69897 -0.69897 -0.69897  -0.69897 -0.69¢
Transformation  Use
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2 |2 1,63 (50
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Design X

A B C D E F G
1 d q <l MC |g ncr
2 |RO |20,0000002 (1,63 49,9999995 (1 9,8000005 |0
3 |R1 [20,0000002 (2,2300002 |49,9999995 |1 9,8000005 |0
4 |R2 |20,0000002 (2,79 49,9999995 |1 9,8000005 |0
5 |R3 |20,0000002 |3,3299997 |49,9999995 |1 9,8000005 |0
6 |R4 |20,0000002 (1,66 100 1 9,8000005 |0
7 |R5 [20,0000002 (2,2300002 |100 1 9,8000005 |0
8 |R6 |20,0000002 |2,78 100 1 9,8000005 |0
9 |R7 |20,0000002 |3,37 100 1 9,8000005 |0
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Design X
A B C D E 7 G
1 Fr clay MC |g d_su Q1
2 |RO |-9,0720008 |-4,30103 |0 9912261 |-2,092207 0
3 |R1 |-8,7997663 |-4,30103 |0 19912261 |-2,04527 0
4 |R2 |-86051676 |-4,30103 (0O /9912261 |-2,0117186 |0
5 |R3 |-84514876 |-4,30103 (0 ,9912261 |-1,985222 |0
6 (R4 |-9,0561599 |-4 0 ,9912261 |-2,0894758 |0
7 [R5 |-8,7997663 |-4 0 ,9912261 |-2,04527 0
8 |R6 |-8,6082865 |-4 0 9912261 |-2,0122563 |0
9 |R7 |-84411163 |-4 V] 9912261 |-1,9834338 |0
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B! Files saved : CONFIRMATION X
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Show All Files saved o
Export
Copy Filtered to Clipboard i
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New

Experimental design

: Eﬁ Design Wizard

H

spec ponses Factors

Format spreadsheet

Check that the correct columns for factors and responses are marked. Select rows/columns and use the formatting buttons to changt

% Start the classical experimental design setup | |D Header row -\ Exp name Response  Response
from here J
Al ---— a
B ‘ 2 RO, -939794  -4,30103 20| 00462388 251888
i icti i Exp name
Save Using existing design e 3 R1 9072 -430103 20| 00525063 241111
| L) Run order | 4 R2|  -879977  -4,30103 20| 00570879 231133
Save
g, Peste dota [ Factors [~ 5 R3|  -860517  -4,30103 20| 00595826  2,23261
poo T* Paste data into a spreadsheet 6 R4|  -845149  -4,30103 20| 00626672 217769
—_— T RS~ -9,05616 -4 20| 00624407  2,47845
| Include row | 8 R6  -8,79977 -4 20| 00687186 239186
@ Import external design ID Exclude ‘ g RT -8,60829 -4 20| 00744702 2,33103
¥ Import a design saved in another file format 10 R8  -8.44112 a 20 00796169  2.27647
1 RO -8,20357 -4 20| 00917907  2,21948
Help 12 R10  -874353  -4,15052 20| 00462388 217769
Complement design
: £B% Add new experiments to resolve interactions 13 R11 ~ -874353  -4,15052 40| 00917907  2,51888
Options
or non-linearities in the current design.
! ?
1 —_
— —
) L |
O FEHBES
Home Design Worksheet Analyze Predict View Tools o @
BE Factors 2 Inclusions 7] Design matrix - $ %%
L=
BE Responses /4 B3 Design summary -
Design Design
wizard EF! Constraints tc region e _ %$
Specification Show D-Optimal
{10
Name  Abbreviation  Units Type Use Settings 3 8 9 10
1 R Quanttative «| Controled 704 | ExpNo ExpName Run Order Incl/Exc ------
2 -cT, Quantitati 4301 to -4 2RI 11 Ind . 9072 -430103 00525063 241111
3 -d fititative) o Contiolled. | 205140 3 R2 4 Ind v 879977  -430103 20 00570879 00570879 231133
4 merobs  nc2 Quantitative v Uncontrolled 4 R3 9 Ind v 860517  -430103 20 00595826 00595826 223261
+ | Add. 5 R4 1 Indl v -845149  -430103 20 00626672 00626672 217769
~ Factor Definition ? X 6 RS 8 Ind v 905616 4 20 00624407 0,0624407 2,47845
e wn: [ ] | 7 R6 5 Ind v 879977 -4 20 00687186 00687186 239186
8 R7 7 Ind v -860829 -4 20 00744702 00744702 233103
Abbreviation: F
reviation 9 Re 3 Ind v 844112 4 20 00796169 00796169 227647
: = 10 R9 10  Ind v 820357 -4 20 00917907 00917907 221948
General Transform Scaling Precision F
11|R10 6| Exd = ) $ 88| 217769
Trpeolifacior; Siilie - 12 R11 2lBd 5% ( ( 07| 251888
Quantitative multilevel
Oualitative
i >
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1 "9
Response Definition ? X
1Ll Responses — we [
. Abbreviation:
i Name Abbreviation Units Type
Settings Power Transform Scaling
1 Regular
g Response type:
Z Regular Formula: e
|3 Derived: (0707724141 +((Log10(0.01*v3) - ( - 0.1
. Response optimization settings:
4 Derived: (10(0.068966*v1+2.5*((Log10(0.01%v3) - (- €
] Condition: Observed
i - A -
5 Derived: (104(v2))/1.0E-6 | Objecive: [precicted v o
6 Derived: (107 (v6+( - 0.172414*v1 +((Log10(0.01*v3} - (| mn _— i
7 Derived: Log10(v4)+( - 0.172414*v1+((Log10(0.01*v3) -
+ &) o
[ 0 F $ X /Bl |
1< $# $% - H#
0 '
| =
' = $
— —
b - ] "
1]
d Name  Abbreviation  Units Type Condition ~ Objective ~ Min Target Max  Predicted min Pre
4 1 e o Regular Required v Inside "
3 2 [CE o Regular Required v Inside i
J 3 HEREN « [Derived: (10A(-0.172414%v1+((Log10{0.01°v3) - (- 0.172414*1 - 0.17241 Observed v Predicted « = mr
44 -q_C Derived: (104(0.068966*1+2.5%((Log10(0.01*v3) - (- 0.172414*v1 - 0.172< Observed ~ Predicted h [ e
5 [ 2| =1 worksheet -ox
6 - nc2 2 3 4 5 6 7 8 9 10 1 12 13 14 15
+ | Add.. 1 RO 7 Ind ~ -9,39794 -4,30103 20 0,0462388 0,0462388 2,51888 20 1,11998 50 00454014 2,51889
2 R1 2ind v 9072 -430103 20 00525063 00525063 241111 20 162997 50 00512287 241112
3 R2 9nd  ~  -879977  -430103 20 00570879 00570879 231133 20 22295 50 00566649 231134
< 4 R3 10 Incl ~ -8,60517 -4,30103 20 0,0595826 0,0595826 2,23261 20 2,78994 50 0,0609012 2,23262
Double-click or press re[Ji R4 1Mnd v 845149 430103 20 00626672 00626672 217769 20 332993 S0 00644693 21777
6 RS 6nd 905616 4 20 00624407 00624407 247845 20 16507 100 00636451 247846
7 R6 8 Ind ~ -8,79977 -4 20 00687186 0,0687186 2,39186 20 2,22995 100 0,0699869 2,39187
8 R7 3nd v Tt : Sl e e e e el 933108
9 R8 1 Incl ~ 0 2,27648
S w (0 (1
10 RY 4 ind 221949
11 11/R10 PETE &( 8 ++
12 12 |R11 5 | Excl ~ -8,74353 -4,15052 40| 0,0917907| 0,0917907 2,51888
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Edit Model

O X
Model terms
y% Add terms to the model by selecting factors, and combining them

into model terms.

v

For response:

Electing factors, and combining them

ncr

~

# o

Factors: New Model terms (4):
Name Ab... El » | |Constant

Fr Fr Fr

ETix 2T7 T

*c
n_obs  nco
Int. & sq. »
|

‘ Undo ‘ ‘ Reset ‘ Enforce the mixture model hierarchy

Interactions »

‘ Squares »

I| Int. & 5q. »

Reset Enforce the mixture model hierarchy

"

| o

| ‘ Abbrechen ‘ ‘ Ubernehmen ‘ | Hilfe

(

/112 5

%&

#

i

‘ Abbrechen ‘ ‘ Ubernehmen | ‘ Hilfe ‘ |

%

11948
7769

|
11888

- $%

( (
0p" -

846
187
104
£,£1648

2,21949

2,00772

4,42991

oo

100

[COEEENY)

20 0,0872862

- X 0,

7 1

Ial  Summary of Fit Plot -0 X
Summary of Fit - defoamerProject22-DesignB.csv (MLR) = 222
1-
0,9
0,84
0,74
0,6
0,54
0,4
0,34
989079
027
0,17
00

In i
sients (scaled and centered) - defoamerProject22-DesignB.csvi, o vs. Predicted - defoamerProject22-DesignB.csv (ML
Q1 Q1
01
! 2,55
3 %
61
0,05 2,5 /.
9%
s
0 2,45 //
2,44 ; .”2
-0,05- I /7
9 é 2,35 /"
-0,19 o] : ’,. 8
2,31 Y
-0,15 ’/0 9
2,25 ‘/
4
0@’
027 22
A
0,25 - : : 2,15 45— i i ; ; T T
& o i 215 22 225 23 235 24 245 25 255
= X Predicted
'=0,998; RsD=0,00681; DF=6; Q2=0,989; confidel=10; R2=0,998; RsD=0,00681; DF=6; Q2=0,989
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]
Worksheet Scatter Plot - defoamerPr%&csv \ Condition | Obj Observed vs. Predicted - defoamerProject22-DesignB.csv (MLR)
0,095 Q1
= - - . y
YF'{ «ﬁ)’ Required ~  Insid| 2,55
0,09 Required ~ | Insid
N ziavi-oarea\obsened ~ predl 55|
0,085 , . CRRRRTa s B EEm— !
, Worksheet Scatter Plot O X
il 2,457
0.8 Select columns Plot labels
0,075 Select the worksheet columns 2,4
5 & o
| Column: [}
0,07 c
PRy RunOrder @ 2,35
9] 2
c i)
0,065- P 23
1] '
0,06
2,25
0,055
2.2
0,054
- 2,155 T T T T T T T
0,045 T T T T T T T T X &
0,045 005 0,055 006 0065 007 0075 0,08 0,0 i ‘ 215 22 225 23 2'?,5 24 245 25 255
ner C Predicted
= oK Abbrechen | \ Hilfe N=10; R2=0,998; RsD=0,00681; ‘E)N
! 3
1
-
] ) ]
Design Worksheet Analyze Predict View Tools Optimizer B

el

Setpoint

RERRR O A

Prediction Factor Contour Sweet Design Desirability | Optimizer

Predictions Scatter

Name Condition Ob

To get started:

plots~ effects .  spot+ space~ . exploration~

Spreadsheet Interpretation Optimize
Optimizer X| Worksheet | Responses | Factors | OpEiHES
Objective 1L | Objective Setpoint Alternative setpc

Activate the Optimizer toolbox to find and analyze the op;
conditions or best compromise.

e s 0 1 fner ] Observed v Predicted 006
Minimize cT_C 2 @1 Observed v Predicted + 2,08997
L 3 Observed ~ Predicted ~ B

4 [@€  Requred v Inside 563317

2. Check factor settings @ '

5 € Desired 49,9999

5 Gk un oplivier 6 nerC  Desied v Minimize 00330714

7 Observed v Predicted v 2,18537

T =

Factor Role Value owlimit | High limit | Precision Factor 1
1 O e~ 95 820357 |
3 /d Constant M40 |
4 [nerobs  Free 006 00636657 |

33
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%

|_Fie
M

#*

Home

=

Predictions Scatter
plots~
Spreadsheet

Optimizer X| Worksheet |

Objective

it

To get started:

Prediction

’ L]
Design

Worksheet Analyze Predict View

ZERmm QO A d

Factor Contour Sweet Design Desirability | Optimizer Setpo
effects spot~ space~ = explorat
Interpretation Optimize
Responses ! Factors !
Objective Setpoint Alternative setpoints
Name  Condition = Objective = Min Target Max

1 -Observed v | Predicted ~

Tools (

1. Check response settings @
Minimize ¢T_C 2 -Observed v | Predicted ~
K (- %&( X : o=
# ) $) $ B S 4 i > | Inside
- 2 eck factor settings —
1 B 5 Minimize
$ # 3. Click 'Run optimizer' 6 Minimize
7 Predicte
$0/ $ » Run optimizer
0 Factor Role Value Low limit High limit Pre:
( $ # 1RO e~ 95 -8,20357
3 - Constant ~ 40
- P 0,06,0636657
! 3!
' X # D ?J
"
n Home Design Worksheet Analyze Predict View Tools Optimizer

Predictions Scatter | Prediction
plots ~

Spreadsheet

Optimizer X| Worksheet |

Setpoint i

Selected setpoint: #11

Alternative setpoints:

#| log(D) |Prob. of fai.| A

7 -0,502

8 -0,502

9 -0,508

10 -1.83

11 2,12 I
Select best run | -

Find robust setpoint ‘

© The run with lowest log(D) is
selected.

E N ReERmm 0 A

|

Factor Contour Sweet Design Desirability = Optimizer  Setpoint
effects - spot~ space~ - exploration =
Interpretation Optimize

Responses | Factors |

$)-$
#)

B #

Objective Setpoint (#11) Alternative setpoints

1

8& ( 4

Response | Objective Value Response range
Predicted | 0,0625575 -
@1 Predicted 256895
Predicted 40
lae inside 563317 |m
e winimize s61387 | m |
e | |
[@ie ] predicted 2,85171 n
Factor Role Value Factor range Fe
- Free 95 m |
- Free -4,25074 |
- Constant 40 |
Incrobs | Free 00625575 | . |

3

& $#

7
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- X #

“ Home Design
= M 5

plots~
Spreadsheet

Optimizer X| Worksheet
Setpoint L

Selected setpoint: #1

Alternative setpoints:

#| logm) |prob. o fai.
1 -0,813

2 -0,813
3 -0,721

4 -0,747

o -0,276

>

Select best run v
Find robust setpoint

@ The run with lowest log(D) is

Worksheet Analyze Predict View Tools Optimizer

=ZERmmE 0 A @

Predictions Scatter | Prediction Factor Contour Sweet Design Desirability | Optimizer — Setpoint

effects - spot~ space~ = exploration ~
Interpretation Optimize
| Responses | Factors

Objective Setpoint (#1) Alternative setpoints

Response  Objective Value Response range

1 fner | Predicted | 00603772 m
2 Predicted 210132 m
3 [die ] predicted 20
4 @€ inside 442992 = |
5 lere | Minimize 533692 |m
6 [nere | 00699236 | .
7 |@ie | predicted 203757 m
Factor Role Value Factor range Fa
1 e 820357 |
2 lehx e 427271 | m
4 |merobs  Free 00603772 | m

D AJ

$) -$
B# ( % (O
1 (#
DAJ # %
$ $#

% (
5 -%
C D >AJ% %##

3>




23




! D1J




0 1]$0




