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A PPEN DIX  A

The preliminary results were performed to determine the optimum depth for 
two propeller sizes in Table A-l. 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

3 cm 6.944
4 cm 8.315
5 cm 8.815
6 cm 4.834

Ki,a values using 15 cm propeller diameter
Depth of propeller Average of KLa Values

3 cm 5.786
4 cm 9.236
5 cm 11.266
6 cm 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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A PPEN D IX  B

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

Constraints or Units Values or Texts
No. of Data Points 6-300 25
No. of Probes 1-6 ...2...
Test temperature °c 30.7
Barometric Pressure in-Hg 29.92
Test Volume ft3 14.12
Gas Flow Rate ft3/min
Enter a Title for Your Output 143 26/02/03 depth5cm Di10.7cm 10saa 1005rpm R2

Figure B-l Environmental Data

DO concentration in each determination point were inputted into 
ASCE parameter estimation program as depicted in Table B-l.



6 6

Table B -l Data Input

No Time
(min)

DOConcentration (mg/L) 
Probe 1 Probe 2

1 0 0.91 0.71
2 4 1.31 1.17
3 8 2.11 1.86
4 12 2.86 2.56
5 16 3.76 3.49
6 20 4.39 4.21
7 24 4.86 4.93
8 28 5.43 5.55
9 32 5.82 6.01
10 36 6.1 6.4
11 40 6.35 6.73
12 44 6.61 6.96
13 48 6.77 7.19
14 52 6.93 7.3
15 56 7.07 7.43
16 60 7.15 7.51
17 64 7.24 7.6
18 71.5 7.35 7.71
19 79 7.43 7.74
20 86.5 7.48 7.77
21 94 7.5 7.8
22 101.5 7.52 7.8
23 109 7.52 7.83
24 116.5 7.52 7.77
25 124 7.52 7.77

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 
o f data truncation.
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Figure B-2 Initial data truncation O '
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A f te r  c h o o s in g  a  p r o p e r  in i t i a l  t r u n c a t io n  le v e l ,  o n e  c a n  p r o c e e d  b y  
a c t iv a t in g  th e  m a in  p r o g r a m  f ro m  th e  ta s k b a r .  T h e  p r o g r a m  w a s  r u n  th e  d a ta . T h e  
ta b le  a n d  c u r v e  o f  t r u n c a te d  D O  c o n c e n t r a t io n  a n d  r e s id u a l  c u r v e  w e r e  s h o w n  in  th e  
o u tp u t  w o r k s h e e t  a s  d e p ic t e d  in  F ig u r e  B -3 .

Probe 1
Non-linear Estimation ;

Unsteady stateOxygen Transfer
■ • Iteration c ‘

(0รน
KLA

Hl/mlnS
^ริ Siim'of; '•‘ริ''?- 

Sguares1 7.53 2.11 0.0654 3.39237022 7.55 2.07 0.0422 0.668622C3 7.59 2.00 0.0471 0.054606S4 7.61 2.00 0.0471 0.0522066

143 26/02/03 d e p M c m  D iO J c m  10saa 1005rpm  F2

ฒ
Test Standard

Tempera ture(°C) 30.70 20.00
Prossurel " Hg) 29.92 2992
c rngtl . ร ิ 7.61 9.26
Kla (1/hr) 2.82 2.19
Ros_mean_squ3re
SOTR(lb/hiï

0.05
0.02

SOTE 1.73
de(ftl : 0.61
Tau 0.82

moo
1.00

’ H  HI 1 1

No of Data Points

'พฺะÿ'
Summary Data23

ร; No. Time Cone Fitted Values R1 0.000 2.110 1.998 0312
2 4.000 2.860 2960 -0.100
3 8.000 3760 3.757 0.0034 12.000 4.390 4.418 -0.028
5 16.000 4.860 4.965 -0.1056 20.000 5.430 5.418 0.012
7 24000 5.820 5793 0.0278 28.000 6100 6.104 -0.004
9 32000 6.350 6.362 -0.012

10 36.000 6 610 6.575 0.035
11 40.000 6770 6.752 0.018
12 44.000 6.930 6.898 0.032
13 48000 7.070 7.019 0.051
14 52.000 7.150 7.120 0.030
15 56.000 7.240 7.203 0.037
16 63.500 7.350 7.323 0.027
17 71.000 7.430 7.407 0.02318 78.500 7.480 7.466 0.014
19 86.000 7.500 7.507 -0.007
20 93.500 7.520 7.536 -0.01621 101.000 7.520 7.557 -0.03722 108.500 7520 7.571 -0.05123 116000 7.520 7.581 -0.061

--. -

SSTSt
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T h e  su m m a ry  in  th e  p ro g ra m  sh o w ed  th e  fina l re su lt  w h ic h  w e re  K ia , 
C*ct, an d  S O T R  as p re se n te d  in  F ig u re  B -4 .

Figure B-4 C o n c lu s io n  T ab le
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APPENDIX c

T h e  p o w e r  in p u ts  fo r  e a c h  s ize  o f  p ro p e lle rs  w e re  c a lc u la te d  b y  th e  
fo llo w in g  th e o ry  as d e sc r ib e d  in  c h a p te r  2. T h e  ran g e  b e tw e e n  R P M s an d  p o w e r  
in p u t p e r  v o lu m e  ta n k  fo r  10 .7 c m  an d  15 cm  o f  p ro p e lle r  d ia m e te rs  u se d  in  th is  
e x p e rim e n t w e re  re v e a le d  in  F ig u re  C - l .

Figure C-l R P M s as a  fu n c tio n  o f  p o w e r  in p u ts  p e r  u n it v o lu m e

T h e  tu rb u le n t c o n d itio n  u se d  in  th is  re se a rc h  w a s  in d ic a te d  b y  u s in g  
R e y n o ld s  n u m b e r. F ig u re  C -2  sh o w ed  th e  ran g e  o f  tu rb u le n t c o n d itio n  as a  fu n c tio n  
o f  R e y n o ld s  n u m b e r  an d  p o w e r  in p u t p e r  u n it vo lu m e.
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Figure C-2 R e y n o ld s  N u m b e r  as a  fu n c tio n  o f  p o w e r  in p u ts  p e r  u n it v o lu m e
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Guide for Estimating DO Determination Times

A s d e sc r ib e d  in  c h a p te r  3, th e  tim in g  o f  D O  d e te rm in a tio n  is o f  
im p o rta n c e  in  a n a ly z in g  u n s te a d y -s ta te  te s t d a ta  to  e n su re  p re c is io n  o f  th e  e s tim a te  o f  
th e  o x y g e n  tra n s fe r  p a ra m e te r . It is co n v e n ie n t to  p la n  a  te s t b a se d  o n  e ith e r 12, 15, 
18, 21 , o r  2 4  m e a su re m e n ts . T a b le  D - l  sh o w s th e  tim e  in te rv a ls  e s tim a te d  to  g iv e  th e  
d is tr ib u tio n  o f  d a ta  v a lu e s  req u ired . U se  o f  T ab le  D - l  re q u ire s  an  a p p ro x im a te  v a lu e  
o f  K ta  w h ic h  c a n  b e  e s tim a te d  fro m  th e  ex p ec ted  v a lu e s  o f  O T R o as in d ic a te d  in  th e  
tab le . H o w e v e r , K ia  c a n  m o re  e a s ily  b e  ap p ro x im a te d  fo rm  a n  in sp e c tio n  o f  th e  D O - 
v e rsu s - tim e  p lo t  b y  n o th in g  th e  a p p ro x im a te  v a lu e  o f  th e  sa tu ra tio n  c o n c e n tra tio n , c*oo 
a p p ro a c h e d  a t in f in ite  tim e . A n  ap p ro x im a te  v a lu e  o f  K.La is  th e n  g iv e n  as th e  
re c ip ro c a l o f  th e  t im e  in te rv a l b e tw e e n  d isso lv e d  o x y g e n  c o n c e n tra tio n s  o f  ze ro  an d  
6 3 %  o f  ๙ 00 (F o r  th is  m e th o d  to  b e  ap p lied , th e  d a ta  m a y  h a v e  to  b e  e x tra p o la te d  to  
ze ro  D O .).

APPENDIX D

It sh o u ld  b e  a lso  n o te d  th a t th e  ta b le  a ssu m es  th a t  s a m p lin g  w ill b e g in  
a t tim e  z e ro , w h ic h  is  a s su m e d  to  o c c u r  at a  ze ro  d isso lv e d  o x y g e n  c o n cen tra tio n . I f  
ze ro  D O  is  n o t a tta in e d , o r  i f  e a rly  tru n c a tio n  is  to  b e  p ra c tic e d , th e  d e te rm in a tio n  
in te rv a l fo r  z e ro  to  8 6 %  sa tu ra tio n  sh o u ld  b e  d e c re a se d  b y  ro u g h ly  2 5 %  so th a t th e  
re q u ire d  n u m b e rs  o f  p o in ts  a re  o b ta in e d  in  th is  reg io n .

T a b le D -2  p re se n ts  d a ta  v a lu e  d is tr ib u tio n s  fo r  0 /K La  to  2/K La an d  
2 /K La  to  3 .9 /K ia . T h is  ta b le  c a n  b e  u se d  to  ch e c k  c o m p lia n c e  w ith  th e  tim in g  c rite ria , 
w h e re  as  T a b le  D - l  is  u se d  fo r e x p e rim en ta l p la n n in g  (A S C E , 1993)
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Table D-l E s tim a te  D isso lv e d  O x y g en  D e te rm in a tio n  In te rv a ls  (A S C E ,1 9 9 3 )

Total
Number of 

Data Values

Time from 0 to 2/KLa
(0 -8 6 .5 %  S a tu ra tio n )

Time from 2/Kla to 3.9/KLa
(8 6 .5 -9 8 .0 %  S a tu ra tio n )

Number of 
Values Determination 

Interval, hr Number of 
Values Determination Interval, hr

12 8 0 .2 8 5 /K ia 4 0 .5 0 0 /K ia
15 10 0 .2 2 2 /K La 5 0 .4 0 0 /K La
18 12 0 .1 8 2 /K La 6 0 .3 3 3 /K La
21 14 0 .1 5 3 /K La 7 0 .2 8 5 /K La
24 16 0 .1 3 3 /K La 8 0 .2 5 0 /K La

K La =  V o lu m e t r i c  t r a n s f e r  c o e f f ic ie n t ,h r '1, a n d  m a y  b e  a p p ro x im a te d  b y
K La  =OTRo/10W, w h e re :
O T R o  =  e x p e c te d  o x y g e n  t r a n s f e r  ra te  a t  z e ro  d is s o lv e d  o x y g e n ,  ld /h r ;  a n d  
พ  =  w e ig h t  o f  w a te r ,  106 lb

Table D-2 D is tr ib u tio n  o f  D O  D a ta  V a lu e s  (A S C E , 1993)

Total Number of Data Values Time from 0 to 2/K L a 
Number of Values

Time from 2 /K L a to 
3 .9 2 /K L a  Number of 

Values
12 7-9 3-5
13 8-9 4-5
14 9 -1 0 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 -1 0
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T h e  a v e ra g e  o f  th e  e x p e rim e n ta l re su lts  w e re  sh o w n  as a  fu n c tio n  o f  th e  
su rfa c ta n t c o n c e n tra t io n s  an d  th e  v a r ia tio n  o f  p o w e r in p u t in  T a b le  E - l .  E ach  
e x p e rim e n ta l r e su lt w a s  sh o w n  in  T a b le  E -2  to  E -2 5 .



Table E-l K La v a lu e s  as  a  fu n c tio n  o f  su rfa c ta n t c o n c e n tra tio n  a n d  p o w e r  in p u t

Oxygen transfer coefficient using 10.7 cm propeller diameter (hr1)

Dia 10.7 cm
13.2 Watts/m3

(632 RPMs)
26.3 Watts/m3

(798 RPMs)
39.5 Watts/m3

(914 RPMs)
52.7 Watts/m3
(1005 RPMs)

SAA Cone. Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3
0 mg/L 1.601 1.727 1.945 3.214 3.098 3.294 4.302 4.124 4.079 5.689 5.679 5.674
5 mg/L 1.038 1.045 1.062 2.760 2.749 2.796 3.607 3.546 3.561 5.110 5.144 5.051
10 mg/L 0.584 0.542 0.589 0.880 0.841 0.897 1.286 1.362 1.221 2.149 2.147 2.156

Oxygen transfer coefficient using 15 cm propeller diameter (hr1)

Dia 15 cm
13.2 Watts/m3

(362 RPMs)
26.3 Watts/m3

(455 RPMs)
39.5 Watts/m3

(519 RPMs)
52.7 Watts/m3

(571 RPMs)
SAA Cone. Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3 Run 1 Run 2 Run 3

0 mg/L 2.481 2.213 2.318 4.409 5.038 5.368 7.451 6.619 7.285 7.506 7.561 7.540
5 mg/L 2.161 2.009 2.162 4.268 4.358 4.251 4.755 4.789 4.638 5.778 5.787 5.745
10 mg/L 0.913 1.040 1.034 3.272 2.934 2.931 4.126 4.181 4.088 4.372 4.473 4.408 oo
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Table E-2 Experimental results for 10.7 cm diameter propeller, 13.2 Watts/m3 in
clean water

Probe
1  ฒ  ;  

' : ■

K L A  f  ;  SOTR IR M S B a ro m e tr ic

■:r-
1 - 8 5 1  9 - 1 3 1  0 - 0 1 5  0 - 1 4 8  2 9 - 9 2 0  

1 - 3 5 1  8 - 0 0 7  0 - 0 1 0  0 - 1 4 5  2 9 - 9 2 0
A ve ra g e 1 - 6 0 1  8 - 5 6 9  0 - 0 1 2  0 - 1 4 6  2 9 - 9 2 0

Probe.;
- P Iส ิเ ร
- 1S li 2 - 0 0 3  9 - 5 1 6  0 - 0 1 7  0 - 2 5 9  2 9 - 9 2 0  

1 - 4 5 0  9 - 2 6 2  0 - 0 1 2  0 - 1 6 5  2 9 - 9 2 0

A ve ra g e 1 - 7 2 7  9 - 3 8 9  0 - 0 1 4  0 - 2 1 2  2 9 - 9 2 0

Probe
1 n  ’ - $

2 - 0 8 7  9 - 3 5 7  0 - 0 1 7  0 - 0 7 5  2 9  9 2 0  

1 - 8 0 4  8 - 7 6 5  0 - 0 1 4  0 - 4 1 6  2 9 - 9 2 0
Average 1 - 9 4 5  9 - 0 6 1  0 - 0 1 6  0 - 2 4 5  2 9 - 9 2 0

T a b le  E -3  E x p e rim e n ta l re su lts  fo r 10.7 cm  d ia m e te r  p ro p e lle r , 13 .2  W a tts /m 3 in  
w a te r  w ith  S A A  5 m g /L

l v - ' 0 - 9 0 4 1 0 - 0 7 6 0 - 0 0 8 0 - 1 0 7 2 9 - 9 2 0

1 -1 7 1 8 - 3 8 4 0 - 0 0 9 0 - 1 6 3 2 9 - 9 2 0

0 .0 0 8 0 . 1 3 5 I  2 9 - 9 2 0
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Table E-4 Experimental results for 10.7 cm diameter propeller, 13.2 Watts/m3 in
water with ร AA 10 mg/L

Table E-5 E x p e rim e n ta l re su lts  fo r  10 .7 cm  d ia m e te r  p ro p e lle r , 2 6 .3  W a tts /m 3 in  
c le a n  w a te r
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Table E-6 Experimental results for 10.7 cm diameter propeller,26.3 Watts/m3 in
water with ร AA 5 mg/L

Table E-7 E x p e rim e n ta l re su lts  fo r  10.7 cm  d ia m e te r  p ro p e lle r ,2 6 .3  W a tts /m 3 in  
w a te r  w i th  S A A  10 m g /L
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Table E-8 Experimental results for 10.7 cm diameter propeller, 39.5 Watts/m3 in
clean water

■ 1 : 5 . 3 1 6  9 .5 9 5 0 . 0 4 5  0 . 0 8 5 2 9 .9 2 0i l l 2 . 9 3 2  9 .1 2 3 0 . 0 2 4  0 . 1 3 9 2 9 .9 2 0
A veraae 4 . 1 2 4  9 .3 5 9 0 . 0 3 4  0 . 1 1 2 2 9 .9 2 0
' P robeA  \ 7;
■

■ ■  
(1/hr) (mg/L) Hi B 7 Rarnmotrif-

18111 4 . 7 6 4 9 .6 1 3 0 .0 4 0 0 . 1 3 4 2 9 .9 2 0

3 . 3 9 4 9 .1 0 2 0 .0 2 7 0 .1 1 1 2 9 .9 2 0
1. AA v e r a g e 4 . 0 7 9 9 .3 5 8 0 .0 3 4 0 . 1 2 3 2 9 .9 2 0

Table E -9  E x p e rim e n ta l re su lts  fo r  10.7 cm  d ia m e te r  p ro p e lle r , 39 .5  W a tts /m 3 in  
w a te r  w ith  S A A  5 m g /L
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Table E-10Experimental results for 10.7 cm diameter propeller, 39.5 Watts/m3 in
water with ร AA 10 mg/L

: Probe:
’

*
1.174 9.326 0.010 0-021 29-920 

1-399 9-568 0-012 0-043 29-920

Averàae 1-286 9-447 0-011 0-032 29-920
Æ'ïï พ่ jjfcè*-* 

Probe
l i s ■ 'น/hr) (in h £
?fM 
: '

1-267 9-623 0-011 0-096 29-920 

1-457 9-749 0-013 0-149 29-920

= i
I l l S f i
W m

2

1-362 9-686 0-012 0-122 29-920 

1-341 9-727 0-011 0-037 29-920

8 K 1-221 9-665 0-010 0-026 29-920

Table E - l lE x p e r im e n ta l  re su lts  fo r  10.7 cm  d ia m e te r  p ro p e lle r , 5 2 .7  W a tts /m 3 in  
c le a n  w a te r
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Table E-12Experimental results for 10.7 cm diameter propeller, 52.7 Watts/m3 in
water with SAA 5 mg/L

Table E -1 3 E x p e r im e n ta l  re su lts  fo r  10.7 c m  d ia m e te r  p ro p e lle r , 5 2 .7  W a tts /m 3 in  
w a te r  w i th  S A A  10 m g /L
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Table E-14Experimental results for 15 cm diameter propeller, 13.2 Watts/m3 in clean
water

Probe ^  1,:;; ■i
_ L ._ .

2.323 9.591 0-020 0.059 29-920 

2-638 7.710 0.018 0.110 29-920

Average 2-481 8-650 0-019 0-084 29-920

Probe
(1/hr) (mg/L) Ib/hr lllf I P

1- 507 10-079 0-013 0-071 29-920

2- 920 8-901 0-023 0-046 29-920

Average 2-213 9-490 0-018 0-058 29.920

Average

1-474 10-578 0-014 0-074 29-920 

3-162 8-656 0-024 0-067 29-920

2-318 9-617 0-019 0-070 29-920

T a b le  E -1 5 E x p e r im e n ta l  re su lts  fo r 15 cm  d ia m e te r  p ro p e lle r , 13 .2  W a tts /m 3 in  w a te r  
w ith  S A A  5 m g /L
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Table E-16Experimental results for 15 cm diameter propeller, 13.2 Watts/m3 in water
with SAA 10 mg/L

(1/hr) {mg/L}' Hr RMS ■ ๒̂1fIC
1.035 10-527 0.010 0-103 29-920

Average 0-913 10-215 0-008 0-072 29-920
1 ' , i น!!,1--- T~r»  พ -IIS2 0- 972 9-512 0-008 0-023 29-920
1- 108 9-446 0-009 0-076 29-920

Average 1-040 9-479 0-009 0-049 29-920
Probe KLA c ; SOTR RMS Barometric 

(1/hr) (mg/L) แร f . (in hg)-
0- 949 9-434 0-008 0-054 29-920
1- 118 9-600 0-009 0-113 29-920k ' 'Average 1-034 9-517 0-009 0-083 29-920

Table E -1 7 E x p e r im e n ta l  re su lts  fo r  15 cm  d ia m e te r  p ro p e lle r , 2 6 .3  W a tts /m 3 in  c lean
w a te r
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Table E-18Experimental results for 15 cm diameter propeller,26.3 Watts/m3 in water
with SAA 5 mg/L

1  4.193 
■ ■  1

9.920
9.653

0.037
0.038

0.098
0.153

4 V/
29.920
29.920

9.787 0.038 0.125 29.920I i f
( gflIlÎji Ib /h r

barom etric  
(in m

1,'V. 3027
'-2 J J  5.475

10.263
9-026

0.027
0.044

0.234
0.265

29.920
29-920

4.251 9.644 0.035 0.249 29.920

Table E -1 9 E x p e r im e n ta l  re su lts  fo r 15 cm  d ia m e te r  p ro p e lle r ,2 6 .3  W a tts /m 3 in  w a te r  
w i th  S A A  10 m g /L
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Table E-20Experimental results for 15 cm diameter propeller, 39.5 Watts/m3 in clean
water

KLA c  ' SOTR RMS Barometric 
(1/hr) (mg/L) Ib/hr i" fif"ftp 

2  -
6.993 9-907 0-061 0-121 29-920 
7-910 9-063 0-063 0-265 29-920

Average 7-451 9-485 0-062 0-193 29-920
Probe z  ,1ร  A r  1  B n r;i |i

2

6-848 9-765 0-059 0-176 29-920 
6-389 8-787 0-049 0-311 29-920

Average 6-619 9-276 0-054 0-243 29-920'ÊÊÊÈî ■Bill®
2

Average

6-313 10-197 0-057 0-162 29-920 
8-256 8-838 0-064 0-186 29-920
7-285 9-518 0-061 0-174 29-920

Table E-21 E x p e rim e n ta l re su lts  fo r  15 cm  d ia m e te r  p ro p e lle r , 39 .5  W a tts /m 3 in  w a te r  
w i th  S A A  5 m g /L
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Table E-22Experimental results for 15 cm diameter propeller, 39.5 Watts/m3 in water
with SAA 10 mg/L

Table E -2 3 E x p e r im e n ta l  re su lts  fo r 15 cm  d ia m e te r  p ro p e lle r , 5 2 .7  W a tts /m 3 in  c lean  
w a te r
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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 -2 5 E x p e r im e n ta l  re su lts  fo r 15 c m  d ia m e te r  p ro p e lle r, 5 2 .7  W a tts /m 3 in  w a te r
w ith  S A A  10 m g /L
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