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1. (10 %) Solve for the general solution y"—4y'+4y=4e> —9¢™*.

2 (14 %) Solve the initial value problem

0 0<t<4

"2y 3= =1, y/(0)=0.
y'=2y' -3y {12 isq > 7O=L ¥(0)

3. (6%) Suppose that F = 2xyi + xe” } +2zk. Calculate

(@ V-F (2%)
(b) VxF (2%)

() V-(fo) (2%).

2
4 (20%) Solve the partial differential equation g_u = %l;- for 0<x<2, t>0 with
t

the boundary conditions u(O,t) =u (2, t) =0 and the initial condition

( 0) x for0<x<1
u(x,0)=
0 forl<x<?2

5. (34%) Water at an average temperature of 20°C flows with a velocity of 4 m/s in
a stainless-steel pipe. The outer and inner diameters are 6 cm and 5 cm. The pipe
is coated by an insulation layer with a thickness of 0.6 cm on the outer surface.

The conductivities of stainless-steel and insulation materials are 50 and 0.2 %,

respectively. Steam at 110°C is condensed on the outside of the insulation layer.
The temperature of the outer surface of the insulation layer can be regarded as the

temperature of condensed steam. Calculate the heat transfer rate with the pipe
length of 10 m.
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6. (16%) Choose the CORRECT one(s) from the following descriptions.

(a)

(b)
(©)
(d)

(e)
03]

(®

()

For a fully-developed, laminar and Newtonian annulus flow as shown in the

1412
2

following figure, the maximum flow velocity occurs at rmax =

e W a'r

A ’2 1
r r rmax
i | s
Z

The Bernoulli’s principle is applicable to ideal and incompressible fluids.
The dimension of viscosity is M'L-1T"!

The dimensions of thermal diffusivity and mass diffusivity are the same as
L2T-L.

The actual driving force of mass transfer is chemical potential.

Schmidt number is a dimensionless group representing the ratio of the
convective mass transfer to the diffusive mass transfer.

The air pressure is po containing water vapor with a partial pressure pa. The

saturated pressure of water vapor is pas according to the adiabatic process.
The percentage humidity is Pﬂ“— x 100
As

The temperature in a distillation tower is at its lowest at the column bottom.

It is because the heat rises to the top due to the natural convection of the hot
gas flow.
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Table 1 Heat Transfer Properties of Liquid Water

ux 10 (9Bp* /1)
T T p c, (Pa-s, or k gx 10 xJ0°®

CC) (K)  (kg/m®) (kI/kg-K) kg/m-s) (W/m-K) N, (/K)  (I/K-m’)

0 2732 9996 4229 1786 05694 133 —0.630

15.6 288.8 9980 4.187 1.131 05834 8.07 1.44 10.93

26.7 2999 9964 4.183 0860 0.6109 5.89 2.34 30.70

37.8 311.0 9947 4183 0682 06283 4.51 3.24 68.0

65.6 338.8 9819 4.187 0432 06629 272 5.04 2562

93.3 366.5 9627 4229 03066 06802 1.91 6.66 642
121.1 3943 9435 4271 02381 06836 149 846 1300
1489 4221 9179 4312 0:1935 06836 122 1008 2231
2044 4776 8586 4522 0.1384 06611 0950 1404 5308
260.0 333.2 7849 4982 0.1042 0.6040 0.859 198 11030
315.6 588.8 6792 6322 00862 05071 1.07 315 19260

Table 2 The Heat Transfer Equations for the Flow Inside a Pipe

Equation ! Prerequisites ‘

| _ D\'? Byo1s | N <2100, MEeMme® S 00 |
i NNu = 1 86 NReNPrI (E‘) Re 1 L
W

|
| | |
| N |
u < 6000, 0.7< Np, < 16000, L/D> 60
Ny = 0.027Ng PNy, O 201 | T PT |
| w
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