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Effects of Oxygen Transfer Rate of a Polystyrene Foam Bead Media
in a Packed Column Aerator

Jeonghwan Park, Youhee Kim and Jae-Yoon Jo

Department of Aquaculture, Pukyong National University, 608-737, Korea

To evaluate the characteristics and efficiency of oxygen transfer rate of a polystyrene foam bead as
media in a packed column aerator was tested. This media has more surface area and cheaper than other
ordinary plastic media. The polystyrene foam media was a sphere-shaped bead with 2.5 == in diameter
and specific surface area was 1,350 m¥/m’. Oxygen transfer rate and standard aeration efficiency were tested
under different hydraulic loading rates, depths of the media and temperatures.

Experiment 1 was performed using a small packed column aerator with 10 e in diameter and 1 m in
length. The aerator filled with 0, 4.5, 9.0 and 18.0 ca of the media was tested under hydraulic loading rates
of 2.0, 4.0 and 5.6 m/m/min at temperatures of 20, 25 and 30T, respectively. In this experiment, standard
oxygen transfer rate (SOTR) increased with the hydraulic loading rate and depth of the media increased.
The maximum SOTR was reached at 5.6 m/mymin of hydraulic loading rate with 9 ca in depth of the
media. However, standard aeration efficiency (SAE) decreased with the hydraulic loading rate increased
because electricity consumed by pump increased as hydraulic loading rate increased. The highest SAE was
reached at hydraulic loading rate of 2.0 m/my/min with 9.0 cm in depth of the media. Therefore, the
highest SOTR and SAE were achieved at 9.0 cm in depth of the media regardless of the hydraulic loading
rate. The maximum SAE was about 1.8 kg OykW-hr with the hydraulic loading rate of 2m’/m’/min at
temperature of 20T.

Experiment 2 was performed using a larger aerator, 20 cw in diameter with 2 m in height. The
aerator filled with 0, 9, 18, 27 and 36 ca of the media was operated under hydraulic loading rate of
2.0, 4.0 and 5.6 m/m'/min at temperature of 27C. The SAE reached to the highest efficiency (1.9 kg
Oy/i-hr) at 2.0 m/m*/min of hydraulic loading rate and 36 c= in depth of the media. According to
the above results, the polystyrene foam bead as a media in a packed column aerator was effective
to increase oxygen transfer rate.
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Table 2. Physical characteristics of the polystyrene foam
bead used in a packed column aerator

Material polystyrene foam
Diameter 2.5 mm
Specific surface area 1,357 m*/m’
Porosity 48%
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Fig. 1. Schematic diagrams of oxygen transfer rate mea-
suring system for Experiment 1 (A) and Experiment 2 (B).
(a) packed column aerator; (b) media (polystyrene foam);
(c) pump; (d) test basin; (e) oxygen probes; (f) logger
system for saving the data; (g) computer for analyzing
the data from logger system
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Fig. 2. Relationship between depths of media and overall
oxygen transfer coefficient [(KLa)y] in a packed column
aerator under different hydraulic loading rates, 2.0 (top),
4.0 (middle), and 5.6 w/m’/min (bottom). Experimental
temperature was at 20T.
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Fig. 3. Relationship between depths of media and over-
all oxygen transfer coefficient [(KLa)2] in a packed column
aerator under different hydraulic loading rates, 2.0 (top),
4.0 (middle), and 5.6 m/m/min (bottom). Experimental
temperature was at 25T.
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Fig. 4. Relationship between depths of media and over-
all oxygen transfer coefficient [(KLa)20] in a packed column
aerator under different hydraulic loading rates, 2.0 (top),
4.0 (middle), and 5.6 m/m’/min (bottom). Experimental
temperature was at 30TC.
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Table 2. Standard oxygen transfer rate(SOTR) and standard aeration efficiency(SAE) in a packed column aerator under

different hydraulic loading rates and bed depths with three temperatures

Depth of Hydraulic loading rate (m*/ m*/min)
Temp. Bed 4 5.6
(cm) SOTR SAE SOTR SAE SOTR SAE
0 23 766.4 27 454.9 3.7 406.2
20 T 45 31 1036.0 3.8 629.7 44 484.3
9 5.4 1784.2 58 962.5 7.6 844.4
18 4.9 1619.0 51 848.5 59 652.3
0 23 764.1 28 461.3 37 405.4
% 4.5 30 1006.5 3.8 624.9 4.2 467.2
9 5.2 17185 58 964.5 7.2 794.0
18 4.6 1544.9 5.2 863.8 55 615.1
0 23 768.5 27 453.2 3.6 397.7
30 © 45 29 955.2 35 581.1 39 431.3
9 49 1634.7 5.6 933.6 6.9 769.6
18 4.7 1565.7 5.0 837.1 55 607.4
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1.008~1.0472] ¥ 2} ulol] &5 gholth (Beata et al,

2 254 o3 4

1970). Yutd o e RAZ = 71

L 7slF ol uhdo &3 4_0_5 Hunter (1979)~
dlojdlelEl ] 7, AY =74 9 Lol wieh RS
£ 2eAEg RE oojaloleld I B FE

ol g3HE AL wlekAA Rejrha seleh 2, o
g A ARTIAE Fool F7Hdel wet wAd
FAEADAGI) Tk Yot BeE vehigied,
cIAE A ool oI 3l s 3 Be

L.
o) AR A 2 s, SR 35}

oy rlo ol Az N

| g

U3k Eololl A, FFEE FHI —0‘7}’%"@] Wl'?/}

A2 A} LA FEo| =715 ¢l oh= Mohapatra
et al. (1989)7} 71 (1999)°) <17 Azke} AXIStATH.

w3k i) Zolgh FaALMEAFe] FaFA el
oA, sl A e Zol7t Frlel wheh FALAEAS
7} At e, BExp. 19 3%, 9 aollA ZE 270
el 71 =2 ke Vebligich o] A2 wiA 8] Zol7}
Z7tsba A, 29 wjAde] 2o Flsle] Mo Y
v EH g AT, WAL ezt Fhetel whet
column Hell A& F7] W&o &2 wobzlet wA
o] olefZallAl FFoll el AR F7| wEEe] shA
e 57 33 A gte g e AeuiAl X3t

I A£AH o Z column Wel] W EA 532, o]o we} &

Tt S5t A2 A7l HoAWA, o B 4
&7} Hobgol 7 % ;,laiﬂ Aoz Azt 37) HA
dloldlolele] A%, Ytz g7 weel £F AF

A7ro] Aol B W&ol 7ol Hopu4S o B
S RS ALY F ik Ao FEA ek (Colt and
Orwicz, 1991).
Exp. 104 A& Aeks zARE A, s B3
sFo] Z7bsbm wjal Zol7 9 kAl BALHLA
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Follalg} ol Zrleiglul, AR ¥ FelgA Ra
ol 2 30TY @, WAL A Fe ATl

A7 358 go] At&E ARd wbd, wjA 9] o7t 9
enol| A A17ER 6.93 g9l AHEE A dsto], A& A%

A gbe AGToll ul3) oF 2HAE T B G HEE
Adstol o F& EES ehd + drke S Hals

ch. Exp. 20|14 % Exp. 104} Fro], v 8] Zlol7} 27
om, Fe] 82 Kslepo] 56 m/m/mingd o, A|FF 121.7
gl A s sl /A EL 2SS Uehigs A2
Ab4=9] ok Exp. 1ol v]3l] v =gk} o] A

AFEL ool dlolelzt e A
O
=

vl

P

kel
@ N

£y

rlo

A=

At 4

_/.IL_ =2 e
2 Uehi: 202, 485 % dlofalolel el FRo}
v, 2el3 Hzol &l wret Adels 4ol ol
2}

30,

A
-
G A b AL o

SEEEREEENIEE

o)
ob'a‘

Hloll4] A oo
Al Al 9] 7 §-oll 13~
23%2] vl&-3 XAsH
(Petit, 1990), =3k of 744 A|AdollA = A vl 82| 8.6%
£ AL AEZ, olojalo] A2 a9 oA
22l #A (Stenstrom and Gilbert, 1981; Timmons
and Aho, 1998)clc}t. ® oi3te] Exp. 13} Exp. 26|41 %
olojzlloefell ol Add F Ao k2 Tl F
slefo] Frighol whel Frbslglont, w9l &% Y o
W Aol ke 2ald b e Selshn ol
A 74 Egket. ol# 3k AL Boyd and Moore (1993)
22|32 Loyless and Malone (1998) £-2] el -EollAx &
U 4 ANt

Exp. 2014], EFollojallo] A& &2 i 9] o] 36 cnoll
A el Fabde] 2 m/m/mindd wll, 1.9 kg Oo/kw-
hr2 7} =2 k& Vehlo], Colt and Orwicz (1991)
7} packed column ofjo]@l]o]E] & o] &3s}e] 1.2~24 g
Oz/kw-hr H9]9] A4 A A8&-S B3 A fAZ
ZA7E e} 28 packed column oflo] #l]o]E] ol

S5 AHEE FYeto] A& AT HEE A Hackney

A

EXCED)

and Colt (1982)2] o1 Foll A& 0.5~1 kg Op/kw-hr 9|
o] kg Harste] o] Ayl A& ollojdlelE|7t ¥ %
£ 482 VeRHQle). o]8tell Boyd (1998) 4] ol
Al =21, ollo] & % ¥ 9] propeller-aspirator-pump, 3%
Y\, FAY HZ g i olojdlo]E] o] A4
Az} 72+7F 1.1~30 kg Op/kw-hr, 1.3
O,/kw-hr, 0.7~1.8 kg O2/kw-hr, 0.9~1.9 kg Oy/
kw-hr @ 0.7~1.2 kg O2/kw-hre] zk-& Hislo], o] 4
goll o] & ollojellolel o] AL AHF Hfol FAY F
Agt Ao 2 byt whEka] 2 dgellA o) gl HHE
el 2F9] wldE& A packed column ollofelE] =
7] &0 o] fEo] 23 gl packed column ofjof & o]E]
ok obe} o el olojalolel & ] sted,
F 274 FAE A5 veble], FE% ol & 7hs
9% 7+ 222 velgd

il o] Aol o]&H dllojziolele] U d
off o] A&} A=A < Y8l AA o7 As 2%
& B3 Aol Aol Fasty, dlojaloly 9 A%
A" oA ofol] whE At HEEQ| BAll A3 A
77t ey oz Az ma, FpHA A &
B glol, ¥4 AA W B9 Il o3l et o] &=
T o dlolalolele] AAIE B3l Bk FAAEQ oo
glole] kel 3t At E Feislojop & HAog A7
¥}

=z A3

3
ar.

»

ok opoiz

o
4

ko

o] AFE A 2 u|FHAS ATE F A
FAEEEZ YAE packed column oflojdlole]e] AAi

A wARZ o] & 7b5A4S ¥V] Hste] wjA L Zlols}
T Reteko) W A4 A ST ZeS 24
slgich o] &8 MEAE| 2 F YA A7 25 mo] 73
olglom, nlEmM Ao 1350 m/ mo g YurH o7 o] &
& o Zol miel < 3.7~7.08 ©] W )
% 7+ Ak

o] WjAE 27 10 cn, Fo| 1 me] Ui FHo] ol
gt ol Po 2 AAR packed column ofjof gl o] Ef o]
0,45, 9 Ze]3L 18 cn®] wiAE MY W31, & 20, 25
W 30cel ol el Fabde 2,4 9 56 m/m
/minZ 7}7b galsle] AALALEANS AY3 Az}

=
(Exp. 1), BE A4 520l F2lsha Lelape] Z7h%

Ioge2 g o

H]v‘-’—l__lE
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Packed Column ofoj#lolEjol A mjdz o] &3 Y AE|ZE A Ak AY &7

o we} EFAaAL ol Srletgort WA Zolx
9 cm A& Zvtslcir) 18 endl| Al A4St} 5
ALADES WD Zo] 9 amollA] Felshn Hohako)
56 m/m/mind w} 7} Egch 2t el thy B
ol Sl w42 £ el kol 9
4m Xda‘% EFololsleld L2 AT ol 9 el
Rt 2 w/m/min & W) 7bg Sk
B4 ZE S2l3h Setakold whde] Zo] 9 n %
EFNLADET EFollofelold Lol 712 F3rek

o] Wi M7 20 en, o] 2 me] PVC H02 A2
3} packed column ollojdolE]o]] ZolE 0,9, 18, 27 &
36 o YT 34 1A ol A4 TR Hg
AHE F olofalolele] a&s =AsId = (Exp.
2), ¥ F& 27ColA, Exp. lollA9t Y& 3709 5
g or Haleko|A A4k ALES =438 A, Exp. 1
ol xet ol el HalFat widel Zolo Frlol
Wl Bz Adgel Srbelgon, uAe Zolrh 7ha
22 36 cnoll el el e Babako] 2 m/m/min
w, 2 kg Oof W-hre] 7b o EFollojdlol A S
vERAT. Ao F A3 Aol whe} packed column
dlofelloElel A HEL2E YAE A&AT WA
olgtto] Ak AFEE ZHAY & ek g w
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