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I. Water flows as two-free jets from the tee attached to the pipe as shown in Fig. 1 with the
control volume (CV). As indicated, the uniform flow exit speeds at sections (2) and (3) are
10 m/s, where the area of sections (1), (2) and (3) are 2 cm?, 1 cm?, and 0.8 cm?,

respectively. If viscous effects and gravity are negligible, please answer the following
questions.

(a) What is the x-compohent of the linear momentum equation that can be used to solve
the x-component of the force exerted by the pipe on the tee? (5%)

(b) What is the flow speed at the section (1) using the conservation of mass? (5%)

(c) What 1s the pressure at the section (1) using the Bernoulli’s equation for ﬂow between
sections (1) and (2)? (5%) :

(d) What are the x and y components of the force that the pipe exerts on the tee? (10%)
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2. Between two infinite, vertical, parallel plates, a fluid flows upwards as shown in Fig. 2.
Assume the flow is steady, laminar, incompressible and uniform with viscosity of u and
density of p.

(é) Write down complete Navier-Stokes equation in y-direction. (5%)

(b) After deleting the terms that are zero, write down the remaining simplified differential
equation. (5%)

(c) Express the pressure gradient (dp/dy) in terms of the mean velocity V. (15%)
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3. Please write down the definition and physical meaning of the following terms. Do not
exceed 20 words for description of each term. (5%) . __
(a) Reynolds analogy (b) Chilton-Colbum analogy

4. Fully developed flow in a circular tube is heated with constant wall temperature. The flow
rate is 0.03 kg/s, and the tube inside diameter is 25.4 mm. Please evaluate the convective
heat transfer coefficient for water and R-134a at temperature of 300K (properties listed
below) respectively (20%).

Hint: You have to check the flow regime and choose appropriate equation (not must be listed

below) for your calculation.

Properties:

density (kg/m?) conductivity (W/m- K) viscosity (Ns/m®) specific heat (kJ/kg-K)
Water  997.0 0.613 855x10°° 4.179
R-134a 1200 0.0803 190x10°° 1.432

Reference equations: )
(2) Nu=0.332Re"*Pr'?, (b) Nu=0.0296Re®*Pr'?, (c) Nu=0.023Re"¢Pr"?

5. A fin, with base area 4, = 20 mm’ and surface area Ar = 160 mm?, has the fin efficiency e
=0.5. The convective heat transfer coefficient # = 100 W/m*- K.

(a) Evaluate the fin effectiveness &r. (3%)

(b) Suppose the fin and the object are not in perfect contact that a thermal contact resistance
per unit area, R”, = 2 x 107 m? -K/W, exists between the fin base and the object
surface. Evaluate the fin effectiveness including the effect of thermal contact resistance. '

(5%}

6. A composite wall is composed of two different materials, A and B, with constant heat
conductivity k4 and kp, mass density pa and pp, specific heat per unit mass Ca and Cp, and
wall thickness L and Lg, respectively. The wall is initially at uniform temperature To.
Consider the outer surface of A is adiabatic, and the outer surface of B is subject to
convection with an adjoining fluid temperature 7y < Tp, and convective heat transfer
coefficient A.

(a) Assume one-dimensional conduction. Write down for the transient problem the heat
equation in domain A and B, respectively. (3%)

(b) Assume the interfaces of A and B are in perfect contact that the thermal contact
resistance can be neglected. Write down the appropriate boundary conditions for
solving the one-dimensional heat transfer problem. Explain the physical meanings.
(6%)

(c) Consider the interfaces are not in perfect contact that there exists, between A and B, a

' finite-valued thermal contact resistance per unit area, R”.. Write down the appropriate
interface boundary conditions for solving the one-dimensional problem. Explain the
physical meanings. (4%)

(d) Explain under what condition, you may assume that the whole composite wall has a

uniform temperature in (c). Define appropriate dimensionless parameters. (4%)




