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The preliminary results were performed to determine the optimum depth for
two propeller sizes in Table A-I. In order to determine the optimum depth in each
propeller size, the Kia values were used as an indicator to make a decision for the
optimum depth.

Table A-l The optimum depth for two propeller sizes

KLa values using 10.7 cm propeller diameter

Depth of propeller Average of KLa Values
3cm 6.944
4 cm 8.315
5cm 8.815
6cm 4,834
Ki,a values using 15 cm propeller diameter
Depth of propeller Average of KLa Values
3cm 5.186
4 cm 9.236
5cm 11.266
6cm 8.336

From these results, the optimum depths for each propeller size are at 5 cm.
The propellers’” depth which is greater than 5 cm was too deep in elevation for
propeller to expose the water into the air. Therefore, one did not concern about it
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APPENDIX B

To illustrate the experiment clearly, the figure B-I was the one of the
example of the raw data, which were inputted in to the ASCE parameter estimation
program.

Conspraints or Valugs or Texts
No. of Data Points 6-300 25
No. of Probes 16 il
Test temperature % 0./
Barometric Pressure m—Hg 2992
Test Volume ft3 1412

Gas Flow Rate ftImin .
Enter a Title for Your Output 143 26/02/03 depthbem Dil0.7cm 10saa 1005mpm R2

Figure B-1 Environmental Data

DO concentration in each determination point were inputted into
ASCE parameter estimation program as depicted in Table B-1.
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Table B-I Data Input

No- Time Cor;fne[@%tion
(min) robe’l  Probe?2

1 0 091 071
2 4 131 L7
3 8 211 186
4 12 280 250
5 16 3716 349
6 2 439 il
[ 2 480 493
8 28 043 D99
9 ¥ 582 001
10 3 6. 04
1 4) 6.35 6.13
12 i 06l 0.9
13 18 0.1 .19
14 52 093 13
15 % 101 143
10 o0 115 15l
1 o4 1.24 10
18 115 1.3 Jil
19 /9 143 1.4
) 86.5 (48 LI
il % 19 18
2 1015 1.5 /3
23 109 152 1.83
2 1165 152 LI
25 124 152 1.1

After inputting data were done, the initial guess worksheet provided an
initial estimation in the parameters at different initial truncation levels. The initial data
truncation was preformed as described in chapter 3. Figure B-2 presented the example
of data truncation.



R Probe 2
ieiE|
A« Injtial Truncation « Initial ¢ CEEE EEA

W E dE-ISrM-Levoi (. . co ma/ » 9« EEEEmWEEM
0.00 091 7.53 0.0632 . 0.00 0.71 7.84 0.0552
2.00 0.91 7.53 0.0632 2.00 0.71 7.84 0.0552
4.00 0.91 7.53 0.0632 4.00 0.71 7.84 0.0552
6.00 0.91 7.53 0.0632 ; 6.00 0.71 7.84 0.0552
8.00 0-91 7.53 0.0632 S al l 8.00 0.71 7.84 0.0552
10 .00 0.91 7.53 0.0632 10 00 1.17 7.84 0.0557
12 .00 0.91 7.53 0.0632 12 .00 1.17 7.84 0.0557
14 .00 1.31 7.53 0.0644 14 .00 1.17 7.84 0.0557
16 .00 1.31 753 0.0644 16 .00 1.86 7.84 0.0561
18 .00 2.11 7.53 0.0654 18 .00 1.86 7.84 0.0561
20 .00 2.11 7.53 0.0654 20 .00 1.86 7.84 0.0561
22 .00 2.11 7.53 0.0654 22 .00 1.86 7.84 0.0561
24 .00 2.11 7.53 0.0654 2400 2.56 784 0.0562
26 .00 2.11 7.53 0 0654 26 .00 2.56 7.84 0.0562
28 .00 2.11 7.53 0.0654 28 .00 2.56 7.84 0.0562
30 .00 2.86 7.53 0 0664 30 .00 2.56 7.84 0.0562

Y keitiysv
»
y &
KLA (1 1) )

0w 5.00 10.00 15.00 20.00 25.00 30.00  35.00
Initial Truncation Level (%)

weer  9OK ramse . ,M_'.mm_

Figure B-2 Initial data truncation
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After choosing a proper initial truncation level, one can proceed by
activating the main program from the taskbar. The program was run the data. The
table and curve of truncated DO concentration and residual curve were shown in the
output worksheet as depicted in Figure B-3.

Preben
) Usl'\;::;&(;g@qﬁasfer . )
" e e © . HMS. Sy 3> g
B i ) oM
§ f i %71 LT SSTSt

143 26/02/03 depMcm DiOJcm 10saa 1005rpm F2

Test Stardard
enperatue(0 N 2,
Lussuel"l—ﬁ) %898 2 88
c mgtl . 161 .26
Ka @4 (2)8% 219
Ros mean s .3e A
SO/ I/ [s®
SOTE
_cf*aa‘(Jfﬂ

moo
'H HI 11
y

Core W= R

I B

%g ;13? :H:% 0000 20000 40000 60000 80000 10QU00 120000 140000 SS|«T

y iR 0 Time(in)

E‘f Eﬁ gg

'3 g / 12 Residuals vs Time
j | )

| £ i

i

1.2 1.0 .

J L o

z% % 35

150 75581

Figure B-3 Raw data
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The summary in the program showed the final result which were Kia,
C*ct, and SOTR as presented in Figure B-4.

2.191 9.259 1.725 0.018 0.609 0.051 29.920|
2.102 9.727 1.739 0.018 2.318 0.190 29.920
2.147 9.493 1.732 0.018 1.463 0.120 29.920

Figure B-4 Conclusion Table
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APPENDIX ¢

The power inputs for each size of propellers were calculated by the
following theory as described in chapter 2. The range bhetween RPMs and power
input per volume tank for 10.7 cm and 15 cm of propeller diameters used in this
experiment were revealed in Figure C-I.

1400
1300
1200
1100 -
1000

RPMs

900 -
800 -
700 -

600 - ” . RPMs and Power Input
- per unit volume for

500 -

4] & = = =RPMs and Power Input
400 : s
per unit volume for Di15

300 T T . : L — .
0 10 20 30 40 50 60
Watts/cu.m.

Figure C-I RPMs as a function of power inputs per unit volume

The turbulent condition used in this research was indicated by using
Reynolds number. Figure C-2 showed the range of turbulent condition as a function
of Reynolds number and power input per unit volume.
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Figure C-2 Reynolds Number as a function of power inputs per unit volume
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APPENDIX D

Guide for Estimating DO Determination Times

As described in chapter 3, the timing of DO determination is of
importance in analyzing unsteady-state test data to ensure precision of the estimate of
the oxygen transfer parameter. It is convenient to plan a test based on either 12, 15,
18, 21, or 24 measurements. Table D-I shows the time intervals estimated to give the
distribution of data values required. Use of Table D-I requires an approximate value
of Kta which can be estimated from the expected values of OTRo as indicated in the
table. However, Kia can more easily be approximated form an inspection of the DO-
versus-time plot by nothing the approximate value of the saturation concentration, €00
approached at infinite time. An approximate value of KLa is then given as the
reciprocal of the time interval hetween dissolved oxygen concentrations of zero and
63% of m (For this method to be applied, the data may have to be extrapolated to
zero DO.).

It should be also noted that the table assumes that sampling will begin
at time zero, which is assumed to occur at a zero dissolved oxygen concentration. If
zero DO is not attained, or if early truncation is to be practiced, the determination
interval for zero to 86% saturation should be decreased by roughly 25% so that the
required numbers of points are obtained in this region.

TableD-2 presents data value distributions for 0/KLa to 2/KLa and
2/Kla to 3.9/Kia. This table can be used to check compliance with the timing criteria,
where as Table D-I is used for experimental planning (ASCE, 1993)



Table D-| Estimate Dissolved Oxygen Determination Intervals (ASCE,1993)

6

Total Time from 0 to 2/KLa Time from 2/Kla to 3.9/KLa
Number of (0-86.5% Saturation) (86.5-98.0% Saturation)
Data Values NumPer of Determ| a on NumPer of Determl a on

Values Int erva Values Int erva
12 8 0.285/K|a 4 0.500/K|a
15 10 0.222/K La 5 0.400/K La
18 12 0.182/K La 6 0.333/KLa
21 14 0.153/K La 7 0.285/K La
24 16 0.133/K La 8 0.250/K La
Kla = VKoLIaumelr:icot_lr_all_\glahbwe\;lfrl]celreen 'L and may be approximated by
OTRo = expected oxygen transfer rate at zero dissolved oxygen, ld/hr; and
= weight ofwater, 106 Ib
Table D-2 Distribution 0fDO Data Values (ASCE, 1993)
Total Numpber of Data ~ TimefromOto2/kLa  Time from 2/k La to
Values Number of Values ~ 3.92/k La Number of
Values

12 7-9 3-5

13 8-9 4-5

14 9-10 4-5

15 9-11 4-6

16 10-12 4-7

17 10-12 5.7

18 11-13 5.7

19 12-14 5-7

20 12-15 5-8

21 13-15 6-8

24 14-18 6-10
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The average of the experimental results were shown as a function of the
surfactant concentrations and the variation of power input in Table E-l. Each
experimental result was shown in Table E-2 to E-25.



Table E-I KLa values as a function of surfactant concentration and power input

Oxygen transfer coefficient using 10.7 cm propeller diameter (hr])

132 Watts/m3 26.3 Watts/m3 39.5 Watts/m3 52.7 Watts/m3
Dia 10.7 cm (632 RPMs) (798 RPMs) (914 RPMs) (1005 RPMs)

SAACone. Runl Run2 Run3 Runl Run2z Run3 Runl Run2 Run3 Runl Run?2 Run3

0 mg/L 1.601 121 1945 3214 3098 3294 4302 4124 4079 5689 5679 5674
5 mg/L 1.038 1045 1062 2760 2749 2796 3607 3546 3561 5110 5144 5051
10 mg/L 0584 0542 0589 0880 0841 0897 1.286 1.362 1221 2149 2147 2.156

Oxygen transfer coefficient using 15 cm propeller diameter (hr]

13.2 Watts/m3 26.3 Watts/m3 39.5 Watts/m3 52.7 Watts/m3
Dia 15 ¢cm (362 RPMs) (455 RPM:s) (519 RPMs) (571 RPMs)
SAACone. Runl Run2 Run3 Runl Run2 Run3 Runl Run2 Run3 Runl Run2 Run3

0 mg/L 2481 2213 2318 4409 5038 5368 7451 6619  7.285

5 mg/L 2.161 2009 2162 4268 4358 4251 4755 4789 4638
10 mg/L 0913 1.040 1034 3272 2934 2931 4126 4181

7506 7561  7.540
5.178 5787 5745
4088 4372 4473 4408



Table E-2 Experimental results for 10.7 cm diameter propeller, 13.2 Watts/m3in

clean water
PrObe KLA f SOTR IRMS Barometric
'l: 1 !
1-851 9131 0-015  0-148 29-920
I 1-351  8-007  0-010  0-145 29-920
Average 1-601 8569 0-012  0-146 29-920
Probe.;
- P
- 1 . 2003  9-516  0-017  0-259 29-920
S Il 1-450  9-262  0-012  0-165 29-920
Average 1-727  9-389 0014  0-212 29-920
Probe
In "-§
2-087  9:357  0-017  0-075 29 920
1-804  8-765  0-014  0-416 29-920
Average 1-945 9-061  0-016  0-245 29-920

Table E-3 Experimental results for 10.7 cm diameter propeller, 13.2 Watts/m3in
water with SAA 5 mg/L

Iv- 0-904  10-076 0-008 0-107 29-920
1-171 8-384 0-009 0-163 29-920
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Table E-4 Experimental results for 10.7 cm diameter propeller, 13.2 Watts/m3in
water with  AA 10 mg/L

Table E-5 Experimental results for 10.7 cm diameter propeller, 26.3 W atts/m3in
clean water




81

Table E-6 Experimental results for 10.7 cm dliameter propeller,26.3 Watts/m3in
water with  AA 5 mg/L

Table E-7 Experimental results for 10.7 cm diameter propeller,26.3 W atts/m3in
water with SAA 10 mg/L




Table E-8 Experimental results for 10.7 cm diameter propeller, 39.5 Watts/m3in
Clean water

4.028 10.214

4.576 8.489
4.302 9.351

I| 1 5.316 9.595 0.045 0.085 29.920
2.932 9.123 0.024 0.139 29.920
Averaae 4.124 9.359 0.034 0.112 29.920

AP\rg;be ! I 2 7 Rarnmotrif-
: (thr) (gl H| B

18111 4764 9613 0040 0.134 29.920

3.394 9.102 0.027 0.111 29.920
&verag@ 4.079 9.358 0.034 0.123 29.920

Table E-9 Experimental results for 10.7 cm diameter propeller, 39.5 Watts/m3in
water with SAA 5 mg/L




Table E-10Experimental results for 10.7 cm diameter propeller, 39.5 Watts/m3in

water with  AA 10 my/L

:Probe: |

Table E-11Experimental results for 10.7 cm diameter propeller, 52.7 W atts/m 3 in

clean water

1.174

1-399

1-286

I

1-267

1-457

1-362

1-341

1-221

9.326

9-568

9-447

9-623

9-749

9-686

9-727

9-665

0.010

0-012

0-011

0-011

0-013

0-012

0-011

0-010

0-021

0-043

0-032

0-096

0-149

0-122

0-037

0-026

29-920
29-920

29-920

(inhs
29-920

29-920

29-920

29-920

29-920

8
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Table E-12Experimental results for 10.7 cm dliameter propeller, 52.7 Watts/m3in
water with SAA 5 my/L

Table E-13Experimental results for 10.7 cm diameter propeller, 52.7 W atts/m 3in
water with SAA 10 mg/L
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Table E-14Experimental results for 15 cm diameter propeller, 13.2 Watts/m3in clean

Water

Probe '/\

I 2.323

2-638
AVErage  po4e
Probe
(Lhr)
"
.

Average 2-213

1-474

3-162
Average 2.318

L

9.591 0-020
7.710 0.018

8-650 0-019

(mglL)  lbihr
507 10-079
920 8-901

9-490 0-018

10-578 0-014
8-656 0-024

9-617 0-019

0.059
0.110

0-084

I

0-013
0-023

0-058

0-074
0-067

0-070

0-071

0-046

29-920
29-920

29-920

|P

29-920
29-920

29.920

29-920
29-920

29-920

Table E-15Experimental results for 15 cm diameter propeller, 13.2 Watts/m3in water

with SAA 5mg/L
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Table E-16Experimental results for 15 cm diameter propeller, 13.2 Watts/m3in water

with SAA 10 my/L
Hr o M IC
(Uhr)  {mglL} RMS 1
1055 1087 Q00 0438 2290
Average 0913 101]5 o0B 0O0R 2290
1, n—  w
» -
| |§ O 92 952 00B 0B 2290
- 1B 946 O00® 006 2290
Average 100 940 0O0B O00® 290
Probe  KLA c y SOTR RMf Barometric
(Lhr)  (mglL) (in hg)-
O 9% 944 00B O 2290
kl ! - 18 960 O00® 013 2290
Vdrage 134 9517 00© 003 2290

Table E-17Experimental results for 15 cm diameter propeller, 26.3 Watts/m3in clean
water
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Table E-18Experimental results for 15 cm diameter propeller,26.3 Watts/m3in water
with SAA 5mg/L

1 4183 990 0037 Q08 2090
[ I | 1 9663 0038 0153 290
038 015 2090
| Ff barometric

(g o (inm
1'v. 3027 1023 07 0% 2290
2 ) 5475 9 004 0Xb 990
4251 964 005 020 2090

Table E-19Experimental results for 15 cm diameter propeller,26.3 W atts/m3in water
with SAA 10 mg/L
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Table E-20Experimental results for 15 cm diameter propeller, 39.5 Watts/m3in clean
water

, - 790 9083 008 0Xb 2090
Agee 741 945 0R 018 2090

Ade Z 1 P.
T 1 Ar [
, I ‘ I 6848 O/ O 016 2090
630 877 00O 031 2090
6619 926 004 023 2090

:

6313 10197 007 OIR 2090
5 82% 888 00 01 2090
Agar 725 09518 006BL 0174 290

Table E-21Experimental results for 15 cm diameter propeller, 39.5 W atts/m3in water
with SAA 5 mg/L
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Table E-22Experimental results for 15 cm diameter propeller, 39.5 Watts/m3in water
with SAA 10 mg/L

Table E-23Experimental results for 15 cm diameter propeller, 52.7 W atts/m3in clean
water
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Table E-24Experimental results for 15 cm diameter propeller, 52.7 Watts/m3 in water
with SAA 5 mg/L

Table E-25Experimental results for 15 cm diameter propeller, 52.7 W atts/m 3in water
with SAA 10 mg/L
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