A 356 HEEBRP 105 25 ERALHEBLERRA
#8  FEags M 356
fik: 2 £ 5 Rz% / 7

Useful Equations
Ny, =2.0+0.6N2 NP

Prandtl number at room temperature = 0.71
Air density = 1.20 kg/m3
viscosity = 1.80*105kg/ms
conductivity = 0.025 W/m K
Stefan-Boltzmann constant = 5.67*108 W/m?

Henderson equation

I—rh=exp{-¢TM.")

rh = relative humidity {decimal)

T =temperature "C

c=5,78%10°

n=152

Me = equilibrium moisture content dry basis (%)

Conduction Heat Transfer in a Sphere
Bi->o0

T-T, . 61 (5 5,
——_T;‘Tm—l nz 2exp(an7rt/r)

Ti = initial temperature

n=l

Teoo= surface temperature
a = thermal conductivity
r = radius
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1. Asshown schematically figure below, a viscos fluid flow over a weir at the end of
| , - acircular tube to form an
N I / annular flow in the tube and
. F ' into a storage tank. Develop a
mathematical model to

i explain why there are bubbles
i continuously arising from the
P liquid in the tanks.
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a. Write the models in differential equations with boundary conditions, clearly
define all variables used in the models with appropriate dimensions in $! units.
You don't have to solve those equations for credits. (15 points) '

b. I the flow rate of viscos fluid is known, explain how to estimate the amount of air
ﬂowing'into the tanks. (5 points)

2. Asphere with radius 0.25 m at 37 ' Cis enclosed in the center of a spherical shell
with radius 5 m at 5°C, air in the shell is stationary at 10°C. Calculate heat loss
from the sphere in the shell. Write your major assumptions in your procedure.
(20 points)

3. Asoybean kernel diameter 8mm, densityVlloo kg/m? {moisture contain 20% wet
basis) is continuously drying in hot air. If it is a falling rate drying and moisture
migrating in the kernel follows Fick’s law with moisture diffusivity D = 2.0 * 1010
m?/s. Moisture at the soybean surface equilibrium with hot air instantaneously.
Equilibrium moisture content of soybean can be predicted from Henderson
equation.

a.  Anair stream having a dry-bulb temperature of 20.5°C and wet-buib
temperature 18°C being heated through a heat exchanger to 45°C is used in
soybean drying. What is the equilibrium moisture content of soybean in the hot
airstream? (10 points) ,

b.  Try to estimate the final moisture contain in wet basis after 30 min of drying. (10
points)
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4. A continuous single-effect evaporator concentrates 10800kg/h of a 1.0 wt% salt
solution entering at 30" Cto a final concentration of 1.5 wt%. The vapor space of
the evaporator is at 70.14kPa and the steam supplied is saturated at 143.3kPa.
The overall coefficient U = 2000 W/m2K. Calculate the amounts of vapor and
liquid product and heat-transfer area required, Assume that, since it is dilute, the
solution has the same boiling point and enthalpy as water. (20 points)

5. A continuous deodorizing system, involving a single stage steam stripping
operation, is under consideration for the removal of a taint from cream. If the
taint component is present in the cream to the extent of 8 parts per million
{ppm) and if steam is to be passed through the contact stage in the proportions
of 0.75 kg steam to every 1 kg cream, calculate the concentration of the taint in
the leaving cream. The equilibrium concentration distribution of the taint has
been found experimentally to be in the ratio of 1 in the cream to 10 in the steam
and itis assumed that equilibrium is reached in each stage. (20 points)
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PSYCHROMETRIC CHART

NORMAL TEMPERATURES &
SE METRIC UNITS ®
Barometric Pressure 101.325 kPa
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