Solution 1 (40 points)
1. First calculate the diffusion coefficient:

1 1
-3 1.5 0.5
1.86 X 107> X T~ X (M1 + Mz)

D,, =
12 Po;,2Q

Check the table we have:

04y = 3.542, 0y, = 2.551

gAr gHe
— =93.3,— =10.2
kg kg
We have:
Opr + 0
Oy = % = 3.046
€12 Ear €He
— = [——=30.85
kg ’ kg kg
Tkg

—=324 - Q=092

€12
Calculate the diffusion coefficient:

11
-3 1.5 1 0.5
1.86 X 1073 x 1005 x (7 + 75)

= _ 2
Diz 5 % 3.0462 x 0.92 0.0228 cm*/s
2. Convection is neglected:
€@t -G 0.009

= 0.497

VA
—=erf(§),& = =
Coo — Cs ©.4 V4Dt /4% 0.00000228 x 36

C(z,t) = C; x (1 —erf(§)) = C,(1 —0.52) = 0.48C;
P = 0.48P, = 0.53 bar x 0.48 = 0.254 bar
3. Including convection:

72 sat — 1 -1
Vic 1+ Nl erf¢)¢e¢2)
_ c S 0.53
Vic 5% = =y,5% = ——=10.106
Ctotal 5
0.106 = (1 + 1 -1
' ( V(1 + erf¢)¢e¢2)

(1 +erf¢)pe®” = 0.0668
Solve for ¢: ¢ = 0.063

¢, l—erf(é—¢) 1—erf(0.497—0.063) 1-0.46
st~ 1terf(p)  1+erf(0.063) 14007
¢; = 0.505¢, 5%
p1 = 0.505P, = 0.505 X 0.53 bar = 0.267 bar

= 0.505

The error is:

_0254-0267
error = 0.267 = 770



Solution 2 (30 points)

n,; and n, are constant.

Let's look at the boundary z =0, n, = —3n,
n=n, +n, =-2n; =cv
c=cd+cd=cl+ck
€1 = )1€
n, = —DcVy, + v
Substitute variables
n, = —DcVy, + y;n = —DcVy,; — 2y, n,

dy
n(1+2y,)= —DCE
Transpose and integrate
fL n yi dy
—dz=— —
o Dc »0 1+ 2yy)
E: _1 n(1+2y1L)
Dc 2 1 +2y
3 Dc1 1+ 2y?
TR
3 3Dc1 (1 + Zy{’)
"2 =T L M 12y
Since
L
vk = n—i
)
Plug in the variables
L 3D(c{“+c§)l 1+2y?\ 3D ck | c+2c)
vi= - (s ) =g A+ (o
2Lcy 1+ 2y, 2L 3 ¢+ 2c
Or
1
nl = _§n2
2
n=ny+n, —§n2 =cv

2
n, = —DcVy, + y,n = —DcVy, + 3Y2M2

2
n,(1 _§}’2) = —DcVy,



2
72 (1==3Y,)
3Dc, (l—gy%)
n, =
2L 2
1-3y)
1—Syk L — 9L
L N5 3Dcl 3Y2_ 3D o 3¢ —2c}
=—Z= =21+
V2Tl T 2Lk n(l 2 ) = It PG50

Solution 3 (30 points)
Build the mass balance on the bubble:

d

E(Clv) = —Kp,A(Py — H X ¢14)
¢, is the concentration of gas in the bubble, ¢y, is the concentration of bulk solution.
K, is the gas side total mass transfer coefficient, A is the surface area of the bubble, H is
the Henry constant.

Since the reservoir is well-mixed, ¢4 =0

d
a(QV) = _KpA(Pl —-0)

d dr
a(ClV) = a(cl X 4mr?) = —K,, X 4nr? x P,
dr
dt —KpP1 /¢y
Integration we have:
K,P.
T‘—T‘O=— plx(t_to)
€1

Boundary conditions:
to=0s,7r=m1
to=1s,17=(1—-10%)r,
We have:

K, P

(1 - 10%)7‘0 — 1y = —
1

X1s

K,P
—10%r, = — zlxls
1

_ 10%1y X ¢q

PP x1s
¢ 1
P, RT

10%r,

K,RT = ——2 = 0.0005 m/s
1s
K — 10%r, 0.1 X 0.005m 2% 107 mol
12 - - cm2 .
RTx1s  g314—J_ » 298K x 15 Pa-m®-s

mol - K



