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Chapter 1II

Theory and Application

Oxygen Transfer

Lewis and Whitman (1924) developed the two-film
concept explaining the phenomenon of the transfer of
oxygen from the bubble to the liquid. Considers a
thin film of gas and a film of liquid at the gas-liquid
interface assuming equilibrium conditions at the inter-
face and liquid film control in oxygen transfer, the

transfer rate can be expressed:-

N = Kl A(Cg = C)
where: K1 = Liquid film coefficient
A = Inter facial area
Cy = Saturated concentration of
the dicsolved substance
¢ = Its concentration at any time

The principal limitation to this concept is the
assumption of steady-state transfer.

Danckwerts (1951), following the work of Higbee
(1935) approached the nonsteady-state problem. He
defined the liquid film coefficient as the square root
of the product of the diffusion coefficient and the

rate of surface renewal.



The oxygen transfer process can be considered
‘L to occur in three phases. Oxygen molecules from the
gas are initially transferred to the liquid surface
at a very rapid rate. During the second phase, the
oxygen molecules must pass through the liquid intex=
face by molecular diffusion. In the third phase,
oxygen is mixed in the body of liquid by diffusion
and convection. It is assumed that at low mixing
levels or laminar flow conditions the rate of oxygen
absorbtion is controlled by the rate of molecular .
diffusion (phase 2). At increased turbulent levels
the surface film is disrupted and the renewal of the
film is responsible for the transfer of oxygen to
the body of liquid. As shown in the figure below,
i the turbulent eddies from the liquid bulk move to the
interface, undergo a short interval unsteady-state

molecular diffusion and are then displaced from the

T

surface by subsequent eddies. (Eckenfelder & Ford, 1968 )
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Ippen and Carver (1752) niwowved the application

of the two film theory for the computation of oxygen

absorption rates in water as:-

where:

C
L

]

6
10 KA (C.-C.)
w 1 %

Rate of change of dissolved oxygen
concentration in the liquid in ppm/hr.

Weight of water in tank, 1l1bs.
Interfacial or absorbing area, sq. ft.
Coefficient of oxygen absorption in

1b. oxygen/(hr. x sq. ft. x unit concen-

tration difference in ppm.

Equilibrium concentration of oxygen at
the phase interface, ppm.

Concentration of oxygen in the liquid
at time t, ppm.

Eckenfelder (1966) ~e-expressed the oxygen trans-

fer rate based on the two-film theory in concentration

units as:-

de
dt



Where: K =

L based on liquid film resistaﬂéﬁ\h
cu. ft. of volume/sec./sq. ft.. &f
area. ol
A = The total interfacial area, sqg. ft.
v = The volume of liquid under consi-

deration, cu. ft.
C = The concentration of 0O, in the
liquid when saturated at the existing

pressure and temporature, mg/l.

G = The oxygen concentration at a point
at a time t, ma/l.

Ki = Overall coefficient for oxygen
- transfer.

The use of this equation is based on the following
assumption: -
1. The entire liquid content is completely mixed
and therefore of uniform composition at any

time (t).

2. KLa is ccnstant and therefore is independent
of time.

Eckenfelder & Ford (1968) explained the determi-
nation cof mass transfer qoefficient under nonsteady
state aeration of a deoxygenated water that KLa is
determined from the slope of a semilogarithmic plot
of the concentration deficit (CS—CI) versus time of

aeration. This is illustrated in Appendix B.

1 € =Q -1 C -C
o 4 s l)tl o | s l)t2
Kba = T3 — El1 « 2.3 - 60 hr.




Factor Affecting K and K
i La

Eckenfelder and Ford (1968) stated that several
factors influenée KL and KL;' The most significant
of these are temperature and surface active agents
present in the liquid. The temperature effect can be
defined by the relationship:-

% 3 * : °(T—20)

t 20 C
‘The temperature effect of Ki, ©, has been

reported to vary from 1.016 to 1.037. A study of
Eckehfelder and Barnhart (1960) on bubble aeration

found a value for © of 1.028. When considering KLa
in bubble aeration systems, the effect of temperature
on the bubble size and velocity must also be included
since this will effect A. An evaluation of available

v
data showed 6 to be 1.02 for K in bubble aeration

La
systems. The value of © equal to 1.024 is applied to
this study.
Since the evaluated absorbing liquid in this

experiment is tap water, the effect due to the surface

active agents present is not taken into account.
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Flow of an Incompressible Ideal Fluid

Considers the flow of an incompressible ideal
fluid in a closed channel shown in the figure below,
Bernoulli stated the general basic energy equation

ass=-

P v 2 P v "
b 29 1 s 2g 2
where: P, P? = The pressure at the
+ B section 1 & 2 respec-
tively.
Vo7V = The velocity at the
L 2 section 1 & 2 respec-
tively.
2 , B2 = The vertical distance
- 2 of the section from the

assumed horizontal
datum plane.

X = Specific weight of the
fluid
g = Gravity acceleration
\ v,
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The terms P, V and Z are considered as energy
i g9
terms and generally called as pressure head, velocity

head and elevation head respectively.
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When the Bernoulli Equation is applied to fluid

flow in pipes it altered to

i vy ? . ¥
—  + ¥ + & - 4+ U, L + Z +
¥ 1 2q9 Zl i 2 29 2 hLl—2

where: { 1is dimensionless and represent correction 2
factor to the convectional velocity head V

29

hLle is the total loss of head from section 1 )
to section 2.

However, in most prcblems of pipe flow; the O terms
may be omitted for several reasons as suaggested by
Vennard (1961).

The addition of mechanical energy (Ep) to a fluid
flow by a pump or its extraction (ET) by a turbine will

"alter the basic Bernoulli equation to:-

-— h
X 2g 1 p ¥ 2g 2. i Ll-2

which is the most general enerqgy equation applied to
fluid flow in pipes. Each term is generally expressed

in an energy unit of ft-1b/1b.



Application of Theory .

Diffuser
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When all holes of the diffuser are closed, the
engergy equation between Section (1) and Section (2)

of the pipe shown in the above fiqure is as following:

Pl v12 P2 V22
§ 2g L ¥ 29 2 L1-2
here Zl = H, 22 =D and %y = <D
5
then P1 Vlz V22
— + — 4+ H = D + £ -D + h
3’ 2q g Ll1-2
2 2
therefore Pl _ Vs \Z1 )
. o Mg S TheE - R (1)
¥ - 29 2g
Total head loss (h ) consists of friction loss,

L1-2

loss due to bend and the exit loss. Accordinag to this

study, the friction less is approximately equal to



w X e

1"22
£ e where £ = friction factor, 1 = length of pipe from
4 2g
(1) to (2) and d2 = pipe diameter. The loss due to bend
2 2
of 0.2 V2 and the exit 1oss of V2  are recommended by
2g 2g

Vennard (1961).
When Equation (1) is applied to the diffuser type
I which is an ordinary perforated pipe of same diameter

as that of the exit as shown in Figure 2, the velocity

e

V1 is equal to V,. Hence Equation (1) is altered to://$§@W”T%%
" 7t

¥ " h,4 /|8 (2)

Therefore if the elevaticn head, H is qrenter i e

® &
1§ ¢

L 9
e\

hL1—2 and all holes are opened, then air will be drawn in,
causing a gas-liquid mixture inside the pipes alonag the
down stream direction of flow as long as the velocity of
fluid flow is greater than the uplift velocity of air
~ bubbles.

Again, according to the equation 1 if the velocity
V] is increased by the decrease of cross sectional area
of the section 1, the pressure head will tend to be mcre
negative value, thus greater air suction is obtained,
so this leads to the use of the Venturi diffuser (Type III

Figure 4). The Orifice type can be applied also, but offers



w1l

more flow losses than the Venturi type. In standard
designs of Venturi meter, it consists of convercing,
parallel and diverging sectichs, the parallel section
is shortg,% - % pipe diameter; the converaing section
has a taper angle of 15-20° whilst the diverging
section is lonager, having a taper angle 5-7%°. (Barna,
1969).

Nominal values of the loss cf head due to Venturi
tube used is recommended to be equal to 0.04'Z£2 in the
case of turbulent flow (Vennard, 1961). Thouéz it is
not taken in addition to the loss of head hLl-2 in the
equation 1, it still has an effect on the decrease in
rate of discharge. Therefore if the YVenturi diffuser
is used. the equation 1 must be applied to this aeration
system.

Now condider the diffuser type II which can be
classified as the Pitot type shown in Figure 3, generally

the Pitot tube is made for the determination of flow

velocity when it is faced upstream as shown below.

Pitot tube
; The difference in elevaticon
l .
—————— 1-2
1{' V/2¢ of fluid in the two tubes
, SO I
H i P/k represents the velocity head,

O s | =t ' }

V2/2q (Vennard, 1961)
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In opposite case, if it is faced downstream, the
elevation of fluid in the Pitot tube will drocp down
causing lower level than that of the straight tube,
thus gains the velocity head as an additional suction
unit if the lcss due to the Pitot tube is negligible.

The equation concerned will be:-

2
A\
EEy - 2
¥ = by HZEE '2—5 _— (3)

and it is applied to the diffuser type II in this study.
Referred to the three equation (1, 2 and 3)

mentioned above it is noticed that increase in elevation

head or elevation cof the diffuser will result in the

increase of suction pressure or air supply.
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