ME 327 — Heat Transfer

October 23, 2009 Mid Term Exam 120 minutes

75 Points Total — 5 questions, each worth 15 points

Open Book Exam — students are permitted to bring their course notes, assignments and the-
course text (or one other heat transfer book of their choice) into the exam. Other materials are
not permitted. Programmable calculators are permitted in exams. Cell phones, PDA’s,
computers, and tape, CD and digital music players are not permitted.

For numerical questions — please show all work in the space provided.

For descriptive questions — please answer each question in a concise and clear fashion in the
space provided using proper spelling and grammar.

Question 1 (3 points each, 15 points total)

a) What are the three modes of heat transfer? Which mode of heat transfer would be of
greatest importance in space applications?
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b) Briefly explain the difference between the thermal energy storage and thermal energy
generation terms in an energy balance. What is an example of thermal energy generation?
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c) What is the maximum thickness of copper plate that can be treated using the lumped heat

capacity method if the plate is heated on one side by a gas stream that is at 800°C
(convection heat transfer coefficient of 20 W/m?.°C) and the other side is perfectly
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d) Is the heat transfer rate constant in a cylinder under steady state conditions in which there
is no thermal energy generation? How about the heat flux?
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e) The rate of heat transfer from a camp fire is significantly higher than the rate ot heat
transfer from a candle. Briefly explain why both fires can cause a skin burn in approximately
the same length of time.

P}O‘LL QA Cah,\p L;T‘Q a'n(l o (‘0’1‘(“{ 3'\6\V€ S;h\)'lar ]weﬁd‘ CIK)(QS dl‘”‘\()uﬁ\/\
Q’ HN?\/ LO\\I( Clt.a\\”fem* flA‘Lé’,& Of' LW\“ lran}f{w\ T}‘;S (‘# Jue ‘f\v 7{/‘( “1)/1\/(‘,'(“

e ch*‘"mm-\(q o obke e of +he Fire, T hey would  hien Yok about e
Come ‘l‘l_n\l LQCCUASQ/ ‘)‘Ley L\(AVQ S”‘”{Jor j\(’(;k‘#‘ fi(Am?Yl !lbkﬁ ‘)lL( l\)l,\rh "C/Uh\

J'LQ (ow\(”e wwld ;’\q

Sw”w

i
Question 2 (5 points each, 15 points total) )0 D) QL

Write the appropriate form of the Fourier field equation, and the boundary and initial conditions
that you would use to solve your differential equation for each of the following situations.
Clearly state the assumptions that you have used to develop your differential equation, and
boundary and initial conditions. You do not need to solve the differential equation.

a) Radioactive wastes are packed in a thin-walled spherical container. The wastes generate
thermal energy according to the following equation.
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where ¢,'*'is a constant and r,, is the outer radius of the container. To maintain thermal

; equilibrium, the container is placed in a coolant that is at a temperature of T, and the
% j convection heat transfer coefficient is estimated to be h. Determine the temperature
' distribution within the container as a function of the radius.
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" that the curved outer surface of the column is exposed to the hot gases. This outer surface

has an emissivity of €. The column is initially at a temperature of T; when the test begins.

The furnace is controlled so that the temperature of the hot gases, T.., follows a specified
temperature-time curve. Assume that the walls of the furnace are at the same temperature
as the hot gases and that the convection heat transfer is h. To increase the accuracy of
your solution, you decide to incorporate temperature dependent properties of the concrete.
Determine anequation that can be used to calculate the temperature distribution within the

column during the first 10 minutes of this test.
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c) A pipe of diameter D runs through a square duct (with sides of length L). The duct is then

filled with a new material that has a thermal conductivity of k. The temperature of the fluid
inside the pipe is T;, while the convection heat transfer coefficient on the inside surface of
the pipe is h;. The ambient temperature outside of the square duct is T.., while the

convection heat transfer coefficient is h,,. If the thermal resistance of the walls of the pipe

and duct can be ignored, what is the temperature distribution within the new material that
has been placed inside the duct?
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Water, at a temperature of 50°C, flows through a copper pipe. The outer diameter of the pipe is

90 mm and the wall thickness of the pipe is 2.5 mm. The convection heat transfer coefficient on

the inside surface of the pipe is 200 W/m?.°C. In order to reduce heat losses, a 10 mm thick

layer of rigid foam rubber pipe insulation is wrapped around the pipe. The ambient temperature

outside the pipe is -10°C, and there is no wind.

a) What is the heat loss per unit length through the insulated pipe? Assume an appropriate
value of convection heat transfer coefficient on the outside of the pipe for the conditions

described. (10 points)
b) What is the temperature on the outside surface of the insulation? (5 points)
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