Exercises Module 8
Correction

Exercise 8.1

The rate of oxygen transfer is given by:

d 4
Ang,o=— (Coz,a * =TT )

dt 3
d 4
4mr? kC,L(COZ,L,O - COZ,L,bulk) = _E<C02,G * §7T7"3>

Simplify (take out constants and cancel) and separate, remember that r is a function of time
and the concentrations are not....

3
3 ke(co,n0 = Copnpuik) 2 dr

0,6 dt

. dr3 d
Here we have to apply the chain rule to show that d—rt = 31?2 d—: when r(t). Therefore

ke (€o,n0 = Coptbuk) _dr
0,6 dt

Separate, integrate and apply initial condition (i.e. att =0, r = 0.05 cm)

k (c —-cC )
c,L\*0,,L,0 0,,L,bulk
r=0.05cm — 2 2 t

Co,,6

Since ¢o, 1putk =0, Co,,1,0=1.5:10°M, and ¢y, ¢ = 0.0404 M (assuming 1 bar and 25°C, using
ideal gas law) then:

1.5-1073 Mk,

r=0.05cm — 0.0404 M

Or
r=0.05cm —0.0371 k., t
Knowing that after 7 min (420 sec) the bubble radius is 0.027 cm then:
0.027 cm = 0.05 cm — (0.0371) k., (420 s)

And thenk., = 148103 cms™?



Exercise 8.2
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8.2 Psychrometric chart
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From the chart (intersection of thick black lines) the humid ratio is about 0.0115 g water / g
dry air
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From slide 17 we see that Hp = % = 0.6220 %g water/g dry air
G —AAG

Then 0.0115 = 0.6220

S —orx,; =0.0182

XA
l—XA'G

Humidity Ratio (gm Water / gm of Dry Air)
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Exercise 8.3

We are asked to find and expression for n4 through the membrane and can use the relation
— eq
ng = Kc( Ca,B, bulk — CA,B) :

We can write expressions for the transfer at each side of the membrane.

ny = kc,B( C4,B, bulk — CA,B,O)' andny =k c(CacrL — Cacbulk) -

From equation 4.16 module 4 we can also describe the transport in the solid membrane at
steady state:

0 == DADVZCA‘D

d?c
0= & Cap
dz?

With ¢, p(0) = 222 and ¢, (L) = 24
B

mc

Thencyp = Cyz + C, or after applying boundary conditions:

CACL CA,B,0 CA,B,0
- z+
mc-L mp-L mpg

Using Fick’s law we can write an expression for the diffusive flux through the membrane:

. dcap CABO _ CACL
= -=D = =D (# —_—
]A’Z AD dz AD mp-L mc.L

Since at the surface of the membrane the transport is only diffusive j, , = n, then:

Ca,B,0 Cac.L
D ( — )=k C —-cC
AD mp L me-L c.8( CaB, bulk A,8,0)
Ca,B,0 Cac.L
Dpap —— —Dap———=k¢p Cap, buik — Kc,5CaB0
mB " L C L
Dap CacL
—+k > C =k.pcC +D L
(mB L ¢,B ) CaB,0 ¢,B CA,B, bulk AD me - L
c _ kep cap, puk Dap CacL
A,B,0 — D D
AD
(mB +kcB) mcL( - L+kcg)
Then we have
Kc.B €AB, bulk DaAD €acL

’

ng = kep| Cap, buik — (DAD

DAD
mp L+kCB> mCL(mB-L+kC'B)

In this expression we can replace ¢y ¢y usingng = k. c(Cac — Cacpuik) OF rather

__na+tkcccacpulk
CacL=—1

7
kec



na+kecca,cbulk
AD———— 5

_ kcB €AB, bulk kcc
Thenny = kcp | Cap, buik = To,p . Dab , ,
(Rabtkes) — met(zA+ken)

_ kcB caB, builk na+KccCacbulk
Orng =kep|\ cas buic — 750 + Dap D
AD AD
(mB-L+kC'B) kC'CmC.L(mB.L_I—kC'B)

Rearrange to solve for ny:

kcgDapna _ ke Cap, buik kegDapke,cCacpuik
nyg— Db = K¢gCaB, butk — kep Da Db
kecme - L (mB.L + kCrB) (mB It kC'B) kecme - L (mB.L + kC'B)
kcgDap keg kesDapkecCacpuik
ngl 1- Dap =kepCap, bu| 1— Dap Dap
keceme - L (m + kc,B) (mB It kc,B) keceme - L (m + kc,B)
k. ¢ 1— kep kesDapkecCacpuik
c,B%“A,B, bulk ( DAD + k ) k ] L (DAD + k )
o mp - L c,B ccMe mg.L c,B
4 1-— kc,BDAD
D
kC,CmC " L (WADL + kC,B)

With some effort this can be simplified further:

2
_ kepkecDap (Mpcacpuk + McCap, puicl?)
- 2
Dapkccmel? + ke gpmp(kecmeL — Dpp)

ny



Exercise 8.4
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