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SECTION A
QUESTION i (Multiple Choice)

¢ Choose that answer which in your opinion is the correct or best answer and mark (with a
“X”) the appropriate block on the answer sheet provided.

¢ If you are sure of your answer, mark also the block containing the question mark.

¢ Use only a PEN on your answer sheet.

1.1  Water flows smoothly through a 1-cm diameter pipe connected to %-cm diameter pipe.
Compared to the speed of the water in the larger diameter pipe (V), the speed in the
smaller diameter pipe is:

A. 4V B. 16V
C. 2V D. A"
Yy
1.2. A horizontally flowing fluid enters the rectangular —
control volume through the face located at x = 0, and
leaves through the face located at x = Ax as shown , P
in the figure. The x-momentum balance is written as I e e
follows: O e o
< - ; .
i - | X
e 1
- Ax
5
d
PVzindyAz = pu oulyhz + L(AxayAz) = [£ (ov)| (axayaz).
What is the best description of the term L?
A. The momentum efflux B. The resultant force

C. The rate of change of momentum density D. The shear stress
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1.3 Consider the steady-state heat transfer with no generation through the solid region of a
hollow spherical shell with inner and outer radii of 71 and respectively. The
temperatures T; and 77 at the inner and outer surfaces respectively are such that 77 > 7.
Which of the following statements are true?

(i)  Heat flux is inversely proportional to the square of the radius

(i) Heat flux is directly proportional to the square of the radius

(iii) Temperature varies parabolically with radius

(iv) Temperature varies hyperbolically with radius

A. (i) and (i) only B. (i) and (iii) only

C. () and (iv) only D. (i) and (iv) only

1.4 The steady-state temperature distribution in a
composite plane of three different materials (P, Q,R),
each of constant thermal conductivity (kp, kg, kg), is
shown. Which of the following statements are TRUE
for the heat efflux (g) and thermal conductivities (£)?

() ¢2>g o § ;
i) k> ko ' : oy
(i) g3<gs

(i) ko<

A, All B. None

C. (i), (i) and (iv) only D. (), (i) and (iii) only
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1.5 Consider the steady-state heat flow through the composite wall shown in the figure
below. All thermal conductivities indicated in the diagram are constant. The total
resistance for isothermal surfaces is equal to the total resistance for adiabatic surfaces

when:
A. kF = kG
B. kE = kH
C. ke > ke
D. ke > kn
o —— I“'E il -1 TEE - LF =L LH_._....___,,.._._ fsfe‘a,. A
i Iz
7 7,
ke ks Ay,
E G K
b R Y

Section A continued on next page ...
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The following description relates to Questions 1.6 - 1.8: Consider 2 solid particle of radius r,
containing component-4 at concentration Ca,p Suspended in a liquid solution B. Component-4
dissolves into the solution in equimolar counter-diffusion to component B. The solution does
not initially contain any of component-A. The particle size and particle concentration to A may
be taken as approximately constant with time.

The equilibrium constant for component-A between the solid and the solution is K such that
Ca,sotution = K. Caso1:.a. We wish to develop an cfficient material balance with boundary
conditions to solve for the concentration variation through the solution as time passes.

1.6

A

1.7

To develop an efficient balance, which choices are the most efficient:

The rate of accumulation in range [r,r + Ar] is % [camt([r + Ar]? — r2)] and the

- - : ac
diffusion flux at v is —D,p ?f

T

The rate of accumulation in range [r,7 + Ar] is % [camr([r + Ar]? — r2)] and the

. . . ac
diffusion rate at r is —Dg _aTA
,

The rate of accumulation in range [r, 7 + Ar]is ad; [camr?Ar] and the diffusion flux at

aCA

T is _DAB _31"

,
The rate of accumulation in range [r,r + Ar] is 5; [camrr?Ar] and the diffusion flux at

. dc
ris —Dyp B_:L nr?

Which boundary conditions are relevant?

Licy(t=0,r) = 0
Z:CA(t =0, T') = Cap
3icg(t =0,7) = K.cyp
4: CA(t = 0, T') = Cap

5:—=| =

6: CA(t,T' = To) = K.CA,p, 7 CA(t,T - 00) =0

A. 3,6,7 B. 1,6,7

C. 1,5,7 D. 2,4,7
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1.8~ We wish to approximate the solution using the Film Theory. To do so, which of the
following statements are true:

A. The film width will increase over time and its boundary will be where the
concentration is 1% of K. ¢, ,,

B. The film width will remain the same over time and will be where the concentration is
0 (i.e. 99% of the bulk value = 0)

C. The film width will decrease over time and will be where the concentration is 1% of
K.c Ap
D. The film width will decrease over time and will be where the concentration is 0 (i.e.

99% of the bulk value = 0)

The following description applies to Questions 1.9 and 1.10.

Consider fluid of density 1200 %, viscosity 9 X 10*Pa. s flowing at 2 m/sina3cm
pipeline where the Chiltern-Colburn analogy applies:

ke o 2 R 2 u Cpit kod
=—LgSra = Prz = Sc = Pr =-E& = £
]D Uoo ? ]H CpPlleo s ]D ]H: pDag’ k ° Sh Dag

The Schmidt number is known to be 20. The Dittus-Boetler relationship holds in the pipeline:
Nu = 0.023 Re%8, pr1/3

1.9 When combining the Chilton-Colburn analogy with the Dittus-Boetler correlation, we
can show that

A. Nu = 0.023 Re®8, sc1/3 B. Nu = 0.023 Pr98 5c1/3

C. Sh = 0.023 Re%8.5¢c1/3 D. Sh = 0.023 Re%8, py1/3

1.10  The values of diffusivity [m?/s] and mass transfer coefficient [m/s] are

Dy = 2% 107% k, = 4.2 x 10~8

Dyp=2%x10"8 k. =653 %1078
Dy =3.75x 1078k, = 4.2 x 10~*

o 0w »

DAB = 3.75 X 10_8, kC = 6.53 X 10_4

TOTAL /50/
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SECTION B
UESTION 2

For the closed tank in the figure, all fluids are at 20°C, and the airspace is pressurized. Tt is
found that the net outward hydrostatic force on the 30-by 40-cm panel at the bottom of the
water layer is 8450 N. Estimate:;

2.1)  The pressure in the airspace.

(6

2.2) Thereading 4 on the mercury manometer.
@

Use the following values for the densities:

SAE Oil: 891 kg/m?
Water: 1000 kg/m®
Air: 1.2 kg/m®
Mercury: 13600 kg/m?

Evacuated
section of tube

g ik o Mercury
5

Punel. 30 cin high. 40 em wide

TOTAL /10/
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QUESTION 3

Consider the steady-state heat flow (without generation) through a hollow cylindrical shell of
length L with inner and outer radii of r, and r, respectively. The solid region has a constant
thermal conductivity k and obeys Fourier’s law of heat conduction. The temperatures 7 and
T at the inner and outer surfaces are such that 7| > 7.

3.1)  Derive an expression for the heat efflux in the solid region in terms of 71, 7, &, L, T} and
73,
&)

3.2)  The hollow cylindrical shell described in (3.1) is 2 cooling coil of 1.0 ft of 304 stainless
steel tubing with an inside diameter of 0.25 in. and outside diameter of 0.40 in. The coil
is being used to remove heat from a bath. The temperature at the inside surface of the
tube is 40°F and 80°F on the outside. The thermal conductivity of 304 stainless steel is
a function of temperature:

k=7754+778x1073T
where £ is in Btw/(h-ft-°F).
3.2.1) Show that the heat efflux in the solid region of the cylindrical shell is given by

T]_ - T2
R

q=

r2—71
e R =
wher p”

is the resistance to heat flow and Ay is log mean area of the inside surface

lm
area A(r;) and outside surface area A(r;) of the tube.
(5)
3.2.2) Calculate the heat removal rate in Btu/s.
&)

TOTAL /15/
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SECTION C
QUESTION 4

Consider a fluid flowing in a cylindrical pipeline. The walls of the tube contain component-A
at a concentration of c4,. Component A dissolves into the fluid. The equilibrium constant
between the fluid and the wall is ¥ = cr/cw, the diffusivity of A against the other species in
the fluid is D, and flux from other components result in equimolar counter diffusion of A.
Note that even though component-4 is dissolving into the fluid, other inerts in the wall prevent
it from collapsing or even changing in size.

4.1) Develop an efficient form of the unsteady state material balance that reveals the
concentration of A in the fluid,

(10)
4.2) Propose suitable boundary conditions

(5)
4.3) If the Reynolds number equals 5000 and the system is at steady state, how may the

balance be simplified? From a sample portatz = 1m, the concentration of 4 is measured
to be 2.8 X 10 3mol.m™3. However, no other sampling ports are available. What will
be the concentration of A 5 m down the tube?

(5)
We note that for
d%x dx
dz2 a oz

a
x(z=0)=pf,,Z(z=0)=p,
We have the solution

x(z) = By + % [exp(az) — 1]

TOTAL 720/
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UESTION §

Estimate the diffusivity of nitrous oxide in air at 310 K and 0.9 atm total pressure.

Note that
P-Dyp T

=a
1
2 v Tca Tep

1 1
Peaee) *TeaT,)*2 (g4 1)

where for non-polar gas pairs excluding hydrogen and helium,
a=2.745 x 10* and b =1.823, and a = 3.640 x 10* and b = 2.334 for pairs consisting of H,0
and a nonpolar gas.
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ENCH2EF:

Reynolds Number:

Newton’s Law of Viscosity:

Mass balance:

Momentum balance:

Energy balance:
Bernoulli’s Equation:
Continuity Equation:
Enthalpy balance:

Mechanical energy balance:

Head loss balance:

Power:

Hagen-Poiseuille Equation:

Frictional pressure drop (any R,):

Laminar pipe flow:

Fourier’s Law:

Newton’s Law of Colling:

Molar flux of component-A:

Formula Sheet

Dv
Re fed —_p
u
_ dv,(r)
Tre = U,

5 2 8
J pP-dA + 5. J., AV = Rate of mass generation
> 5 T a -
S vpv-dA+ - [ p#dV =3 Forces
Eo-da+2(1 7 i
LSEpv-dA+a—twapdV=q—W
P+§-pv2+pgh=constant

pAV = constant

H]_ +W H2+zav+gyz+Q
1,av Py = ”zav

2a TN TS EW, =22 gy 4 7 ~+XF
20!9 + +HE 22?"-3' + +Hf

PGF Hg, where F is the volumetric flowrate

__ 32u(Af)vg,
AP, = —?—“—

AP = 2p f va,,, where f'is the Fanning friction factor
_ lap|r? r\?

V(1) = 4l [1 - (E) ]

4x _ dar . .

a = Tk In the x-direction

q = hA(T, - T,) s >T,

NA = "CDABaxA/aZ + x4 Zi Nl



STUDENT NUMBER:

UNIVERSITY OF KWAZULU NATAL
CHEMICAL ENGINEERING
ENCH2EF

MULTIPLE CHOICE ANSWER SHEET

Use only a PEN on this answer sheet.

If you are sure of your answer, mark also the block containing the question mark.

1 A B o] D ?
2 A B C D ?
3 A B c D ?
4 A B C D ?
5 A B C D ?
6 A B C D ?
7 A B C D ?
8 A B C D ?
9 A B C D ?
10 A B o] D ?
Mark scheme:

Correct, sure

Correct, unsure

Incorrect, unsure

Incorrect, sure

More than one option chosen
Blank

OClolO || Aa|lo;




