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CEB 4053

The speed on how fast a water tank is filled is directly related to how
powerful the water pump is to overcome the pressure drop inside the
water pipe channel. FIGURE Q1 shows water flows upwards in a
circular tube channel to fill the water tank on top of a household, with
its detailed internal dimensions. Assume the channel length, L is
considerably larger than the channel radius, R. The liquid flows in the

channel under the effect of gravity and pressure difference.
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FIGURE Q1: Upward laminar flow of an incompressible Newtonian

liquid in a vertical cylindrical water pipe

a. Using the equation of change method and the given coordinate
axes, develop the velocity distribution profile and the average
velocity for the liquid flows in the circular tube channel.

[17 marks]
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if the water flows in a constant flowrate, estimate the average time
required to fill a 10,000 L water tank with 5 kPa pressure drop
pump capacity. The properties of the liquid and the circular tube
channel are provided in TABLE Q1.

TABLE Q1: Properties of the liquid and the circular channel

Properties of Newtonian liquid Value
Density of water, p (kg/m?) 1000
Viscosity of water, 4 (Pa.s) 1.1x103

Channel length, L (m) 5.5

Channel Diameter, D (cm) 2.5

Gravitational acceleration, g (m/s?) 9.81
[8 marks]
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Insulation layer is an important design to keep a hot liquid to remain hot
for a longer time. FIGURE Q2 shows a cross-sectional view of a thermal
flask with insulator. The insulation materials include the aluminum
casing, vacuum insulator and glass container with outer radius of r4, 75,
and rc, with each having surface temperature of T4, 73, and Tc,
respectively. The hot water is kept in a glass container with an internal
radius, rp, with bulk temperature of Tw which is much hotter than the
external flask wall temperature, T,. Assume a steady flow of heat
through the flask insulators due to the difference between the bulk fluid

and the external aluminum casing temperature.

Aluminium casing, A

Vacuum insulator, B

Glass container, C

Liquid nitrogen, D

FIGURE Qz2: Cross-sectional of an insulated thermal flask.

a. Develop the heat flux and the heat flow at the external surface of
the aluminum casing protecting the hot water in the thermal flask.
[15 marks]
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If the bulk hot water temperature is 98 °C with 500 mL hot water

container size, calculate the heat flow (W) to keep the external

aluminum casing at temperature of 25 °C. Assume a constant

heat flow across the layers and a perfect cylinder container. The

thermal properties of the materials and fluids are provided in

TABLE Q2.

TABLE Q2: Thermal properties of the materials and fluids.

Parameter Value
Thermal flask length (m) 0.5
Thickness of aluminium casing (mm) 2.3
Thickness of vacuum insulator (mm) 28
Thickness of glass container (mm) 5.5
Heat conductivity of aluminium, &4 (W.m™! K1) 237
Heat conductivity of vacuum gas, ks (W.m' K1) 2
Heat conductivity of glass, k¢ (W.mL.K) 0.08
Heat transfer coefficient of hot water, 2w (W.m2.K 1) 21
[10 marks]
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When there is a flow of lubricant in between two rapidly moving parts,
viscous heating will occur. FIGURE Q3 shows an incompressible
Newtonian fluid between two slabs with thickness of §. The surface
temperature of the bottom and upper wall is maintained at 7; and 7,
respectively. The bottom wall is stationary while the upper wall is moving
with a constant velocity of v with constant surface area of WL. The

combined energy flux for this phenomenon is described as below:

€y = qy + TyxVx

where, v, = (%) Vall

With assumptions and boundary conditions, develop the temperature
distribution and show that the dimensionless Brinkman number (Br) is

defined as

.y Vwauz
k(T, — Ty)

Br

FIGURE Q3: Heat dissipation with viscous heat source between two

moving slabs.

[25 marks]
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FIGURE Q4 shows a mass diffusion system in which liquid dimethyl
ether (DME), D, is evaporating into air, 4. At equilibrium, the evaporated
gas-phase concentration of DME at the liquid-gas interphase is
expressed as xp;. Assume that the solubility of air in liquid DME is
negligible and the cross-sectional of the container has square shape
with width of W. If the entire system is kept at constant temperature and
pressure, and mixture of air and DME gases are assumed to be ideal,
derive the concentration profile of DME in terms of partial pressure

using the shell mole balance method.

Gas stream of air, 4 and DME, D
_—

Yy=n A Xp = Xp2

Xp = Xpy

Liquid DME, D

FIGURE Q4 Steady-state diffusion of DME through stagnant A in a

rectangular container

[25 marks]
- END OF PAPER -
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APPENDIX

LIST OF EQUATION

Equation of Motion for Cylindrical Coordinate

r-Momentum Balance
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6-Momentum Balance
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z-Momentum Balance
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Momentum transport equations

Combined momentum flux
¢,jj = T[ij + pvivj = p5l] + Tij + pvivj

where,
dv; vy 2 dv, 0dv, Odv,
B = “(6x5+5£)+(3“_]c)(a+6y+az i

Average velocity equation

N 02:: J'OR v,rdrd6

W) ="
Jy [, rdrad6

Mass flow rate

2n ~R

w = I f pv,rdrdf
0 Yo
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Combined Enerqgy Flux Equation

1 .
e=gq+ (Epvz +pH)v + [1.v]

Combined Molar Flux Equation for Species A in the z-direction

axA
Ny, = —CDyp R + x4 (Ny, + Np,)






