CVEN 5070 Thermal Analysis of Buildings Fall 1994

Answer all questions Name: S oL iATIoN

Open book, notes, and handouts

@ 1. Consider a plane wall, initially at a
uniform temperature To. At time t=0,
both surfaces of the wall are suddenly
exposed to convection with a fluid at
temperature T... While the convective
temperature on each side of the wall is
the same, the convection heat transfer
coefficients are different, as shown in
the Figure.

1. ay Write the differential equation,
boundary conditions, and initial
conditions for this problem using dimensional variable (e.g., temperature in °C,
length in meters, etc.) |

b) Show that, by proper selection of normalized variables, this problem can be
expressed as a problem with linear and homogeneous partial differential equation
and boundary conditions.
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b @ 2. The temperature distribution in a plane wall, initially at 7=T7,, is exposed to a step
change at time f=0 in surface temperature at x=0 to 7=77, can be described by the
following equation:

T-T, x o Ssin(nme/ Lye ” =t
= =1-=—-2 (1)
Ulkt) L ) =

Using superposition, develop an equation

for the temperature response for £>dto a T Sulrfacet. teir;)perature
rectangular pulse in surface temperature ! pulse at x=0.
at x=0, shown in the Figure.
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3. Consider a system that can be described by the following first-order ordinary

differential equation with constant coefficients.

2 vau=g(0)

Initial condition: u(Q) =0

(2)

@ a) For g(t) = b, with b a constant, use Laplace transforms to show that the solution

to Equation 2 is
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@ b) Duhamel’s theorem can be used with Equation 1 to solve for an arbitrary input, or
forcing function, g(#). In other words, the fundamental solution of Equation 2,
Uft), can be obtained by setting g(2) = 1. The solution for an arbitrary input g(?)
can then be developed using Duhamel’s theorem.

Consider the system tSt
with g(7) shown in the
Figure. Using the
attached integral
tables, develop the
solution to the system 05

oft)

0<t<2: gft)=2tt?
t>2 gty =0

using the fiindamental
solution of Equation 3

with b = 7 and o
Duhamel’s theorem.
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