TEST-1: Part-1 (Closed Book)
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Following are Sherwood number, Schmidt number, and Reynolds number definitions:
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A high value of the Sherwood number indicates
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(a) convective mass transfer is more important
as compared to diffusive mass transport

(b) convective mass transfer is less important
as compared to diffusive mass transport

(c) diffusive mass transfer is high as compared
to convective mass transport

(d) Nothing can be said about mass transport

The Schmidt number is much higher for liquids as

compared to gases mainly because

(a) higher momentum diffusivity of liquids as
compared to gases

(b) lower momentum diffusivity of liquids as
compared to gases

(c) higher mass diffusivity of liquids as

compared to gases

(d) lower mass diffusivity of liquids as
compared to gases

For the diffusion of gases A and B in a binary mixture of A and B, the flux of A is given by N4 =

—cDyp % + CTA (N4 + Np). For the diffusion of gas B through the stagnant non-diffusing gas C, the
flux of B (Ns) is given by,
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For the diffusion of gas B through the stagnant non-diffusing gas C a binary mixture of B and C, the

flux of B (Ns) is given by,
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The permeability of polymer A is more than ten times higher than the polymer B for the oxygen gas.
For packaging a high value pharmaceutical product (medicine), it required to keep the diffusion flux of
atmospheric oxygen to the medicine as low as possible to avoid its oxidation to increase the shelf life
(product expiry). Based on your mass transfer knowledge, which of the following options will you

choose

(a) 0.5 mm film of polymer A

(b) 0.5 mm film of polymer B

(c) (i) 0.2 mm film of polymer A (ii) 0.3 mm film
of polymer B

(d) (1)0.3 mm film of polymer B (ii) 0.2 mm film
of polymer A




6) At P=1atmand T = 298 K, a mixture of Hydrogen and Ammonia contains 10 mole% Hydrogen. The
diffusivity of Hydrogen in this mixture is 0.783 x 10~*m?/s. What will be the molecular diffusivity
of Hydrogen in the mixture containing 20 mole% Hydrogen at P =1 atm and T = 350 K.

(a) greater than 0.783 x 10™*m?/s (b) equal to 0.783 x 10~*m?/s
(c) less than 0.783 x 10~*m? /s (d) cannot be predicted with given information
(7) Write appropriate Sl units for k. used in molar flux of solute A in equi-molar counter-diffusion,

Ny = ki(ca1 — Caz)

(8) Write down appropriate Sl units for k; used in molar flux of solute A diffusing through stagnant,
non-diffusing B, Ny = k;(pa1 — Paz)

(9+10) Write the relationship between k. and k.
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Question 1: Predict the diffusivity of ethyl alcohol (C;HsOH; MW=46) solute in solvent water using Wilke-
Chang correlation at atmospheric conditions for T = 25 degree C.
Compare your results with experimental value by computing the % error.

Data: At 25 degree C, the viscosity of water at is 0.9 X 1073 Pa.s.
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Question 2: Hydrogen gas at 2.0 atm and 298 K C is flowing in a two-layered tube of 2.0 mm inside
diameter and 4.0 mm outside diameter. Calculate the leakage of hydrogen through a tube 5 m long in kg mol
H./s at steady state. These layers are arranged as follows:

e layer-1: vulcanized rubber (inside diameter 2.0-mm and outside diameter 3.0-mm)

e Layer-2: polyethylene (inside diameter 3.0-mm and outside diameter 4.0-mm)

Calculate the leakage of hydrogen through the tube in kg mol H,/s at steady state.
A related useful formula is given below:

- (Par — Paz) 2rL

Na = 22.4 In(r, /1)
Py
N = (Pa1 — Paz) 2nL _ (Pa1 — Paz) 2nL
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N__(Z.O—O) 2T X 5 1 2T X 5
A7 224 [{ In(3/2) } +{ In(4/3) } ] © 22.4[1.2 x 1010 + 4.4 x 1019]
342x 10712 .. " 1653 X 10~12,,
kgmol

N, = 2.5x 10~




Question 3 (Based on Example in Book):

A tube is coated on the inside with naphthalene and has an inside diameter of 20 mm and a length of 1.1-m.
Air at 318 K and an average pressure of 101.3 kPa flows through this pipe at a velocity of 0.80 m/s. The surface
temperature of the naphthalene can be assumed to be at 318 K and its vapor pressure at 318 K is 74 Pa = 2.8
x10° (kg mol/m?). The exit concentration is found to be 1.5 X 10~° kg mol/m3. Assume that the Dag of
naphthalene in air at 318 K is 6.92x10°° m?/s. For air, p = 1.932 x10° Pa-s, p = 1.114 (kg/m?).

Using the overall material balance, determine the mass transfer coefficient.

Question 3:

Cross-sectional area of the packed bed,

T 2 _ T 2 —4_ 2
Ac =7 (Dc)? = 7(002)2 =314x 10" m
Mass transfer area of tube: A =mD.L =7 x20x 1073 x 1.1 = 0.0691 m?

3
Volumetric flow rate in m3/s: V=vx %DCZ = 0.8 x %(20 x1073)2 =251 x107* mT

Compute concentrations, kg mol/m?3

Py
C, = —=
AT RT

po 74
Chi=—==——"=28x10"5kg mol/m?

T RT 8314 x 318
Cqp = 1.5 x 107> kg mol/m3

Compute molar flow from the mass transfer, N, in kg mol/s

AT e AL e In (Cai—Ca) ¢ ' n (2.8x107>-10.0)
(Cai — Ca1) (28x1075—1.5x 1075)

NyA = ke X 0.0691 X 1.975 x 107°
Compute mass transfer rate, Ny, in kg mol/s using the material balance,
NyA=V(Cyp —Cyy) = 251 X 107#(1.5 X 107> = 0) = 3.765 x 10~°
Equating,
ke X 0.0691 X 1.975 x 107> = 3.765 x 1077
kc=2.76 x10">m/s
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Following are Sherwood number, Schmidt number, and Reynolds number definitions:

L _W/p),
DAB '

Ngp, = k¢ D_ ; Nsc
'AB

A high value of the Sherwood number indicates
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(a) diffusive mass transfer is high as compared
to convective mass transport

(b) convective mass transfer is less important
as compared to diffusive mass transport

(c) convective mass transfer is more important
as compared to diffusive mass transport

(d) Nothing can be said about mass transport

The Schmidt number is much higher for liquids as

compared to gases mainly because

(a) higher momentum diffusivity of liquids as
compared to gases

(b) lower momentum diffusivity of liquids as
compared to gases

(c) lower mass diffusivity of liquids as

compared to gases

(d) higher mass diffusivity of liquids as
compared to gases

For the diffusion of gases A and B in a binary mixture of A and B, the flux of A is given by N4 =

—cDyp % + CTA (N4 + Np). For the diffusion of gas B through the stagnant non-diffusing gas C, the
flux of B (Ns) is given by,
d(xB) Cp d(xB) Cp
—cD — (N, b —cD — (N,
(a) ¢Dcp dZ+C(B) (b) cDgc dz+c(6)
d(xc) cp d(xc) = cg
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For the diffusion of gas B through the stagnant non-diffusing gas C in a binary mixture of B and C, the

flux of B (Ns) is given by,
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The permeability of polymer A is more than ten times higher than the polymer B for the oxygen gas.
For packaging a high value pharmaceutical product (medicine), it required to keep the diffusion flux of
atmospheric oxygen to the medicine as low as possible to avoid its oxidation to increase the shelf life
(product expiry). Based on your mass transfer knowledge, which of the following options will you

choose

(a) (i) 0.2 mm film of polymer A (ii) 0.3 mm film
of polymer B

(b) (1)0.3 mm film of polymer B (ii) 0.2 mm film
of polymer A

(c) 0.5 mm film of polymer A

(d) 0.5 mm film of polymer B




6) At P=1atmand T = 298 K, a mixture of Hydrogen and Ammonia contains 10 mole% Hydrogen. The
diffusivity of Hydrogen in this mixture is 0.783 x 10~*m?/s. What will be the molecular diffusivity
of Hydrogen in the mixture containing 20 mole% Hydrogen at P =1 atm and T = 350 K.

(a) less than 0.783 x 10~*m?/s (b) equal to 0.783 x 10~*m?/s
(c) greater than 0.783 x 10~* (d) cannot be predicted with given information
(7) Write appropriate Sl units for k.. used in molar flux of solute A in equi-molar counter-diffusion,

Ny = ki(ca1 — Caz)

(8) Write down appropriate Sl units for k. used in molar flux of solute A diffusing through stagnant,
non-diffusing B, Ny = ks (Pa1 — Paz)

(9+10) Write the relationship between k. and k.
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Question 1: Predict the diffusivity of ethyl alcohol (C;HsOH; MW=46) solute in solvent water using Wilke-
Chang correlation at atmospheric conditions for T = 25 degree C.
Compare your results with experimental value by computing the % error.

Data: At 25 degree C, the viscosity of water at is 0.9 X 1073 Pa.s.

Mark
Dup = 1.173 X 10—16(<pMB)1/2< ) arks

ugV,®
m3 5
kg mol

Vv, = 2(0.0148) + 6(0.0037) + 1(0.0074) = 0.0592

2 10

298 m
) = 1.45x 10—9T

0.9 X 1073 x 0.05920-¢

Dyp = 1.173 x 10716 x (2.6 X 18)1/2(

m? ;
DAB(EXptl) = 1.25 X 10—9T

. [1.45 % 107° — 1.25 x 107°| 5
Yo Error = 126 x 10=9 X 100 = 16.9

Question 2: Hydrogen gas at 2.0 atm and 298 K C is flowing in a two-layered tube of 2.0 mm inside
diameter and 4.0 mm outside diameter. Calculate the leakage of hydrogen through a tube 5 m long in kg mol
H./s at steady state. These layers are arranged as follows:

e Layer-1: polyethylene (inside diameter 2.0-mm and outside diameter 3.0-mm)

e Layer-2: vulcanized rubber (inside diameter 3.0-mm and outside diameter 4.0-mm)

Calculate the leakage of hydrogen through the tube in kg mol H,/s at steady state.
A related useful formula is given below:

- (Par — Paz) 2rL

Na = 22.4 In(r, /1)
Py
N = (Pa1 — Paz) 2mL _ (Pa1 — Paz) 2mL
A 22.4 [m(r2 /rl)] 22.4 [{ln(rz /rl)} N {ln(rz /rl)} ]
Py Py rubber M PE
N__(Z.O—O) 2T X 5
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Question 3 (Based on Example in Book):

A tube is coated on the inside with naphthalene and has an inside diameter of 20 mm and a length of 1.1-m.
Air at 318 K and an average pressure of 101.3 kPa flows through this pipe at a velocity of 0.80 m/s. The surface
temperature of the naphthalene can be assumed to be at 318 K and its vapor pressure at 318 K is 74 Pa = 2.8
x10° (kg mol/m?). The exit concentration is found to be 2.5 X 10~° kg mol/m3. Assume that the Dag of

naphthalene in air at 318 K is 6.92x10°° m?/s. For air, u = 1.932 x10 Pa-s, p = 1.114 (kg/m?).

Using the overall material balance, determine the mass transfer coefficient.

Question 3:

Cross-sectional area of the packed bed,
T

71' =
Ac =7 (Dc)* =7 (0.02)* =3.14x 107" m?

Mass transfer area of tube: A =mD.L =7 x20x 1073 x 1.1 = 0.0691 m?

3
Volumetric flow rate in m3/s: V=vx %DCZ = 0.8 X %(20 x1073)2=251x107* mT
Compute concentrations, kg mol/m?3
Py
Chp=—
AT RT
C _B s =28x10"%k l/m3
AL BT T 8314x318 ° gmotm
Cyp = 2.5 X 107 kg mol/m3
Compute molar flow from the mass transfer, Ny, in kg mol/s
NoA = Ak (Cai — Ci)im = Ak Caz =i _ 00,0691 x 25x10°° —0.0)
AT T ARCRAL T RATLM Cln(cAi—cAz)_ ¢ In (2.8 x 105 — 0.0)
(Cyi — C41) (28%x 107> —=2.5x%x107°)

NyA = ke % 0.0691 x 1.12 x 1075
Compute mass transfer rate, Ny, in kg mol/s using the material balance,
NyA=V(Cyp —Cyy) = 251X 107#(2.5X 107° = 0) = 6.275 x 10~°
Equating,
ke X 0.0691 x 1.12 X 107% = 6.275 x 107°
kc=81x10"3m/s




