
ME 608
Numerical Methods in Heat, Mass, and Momentum Transfer

Mid-Term Examination
Date: March 10, 2010
6:00 – 8:00 PM
Instructor: J. Murthy
Open Book, Open Notes
Total: 100 points
Use the finite volume method in all problems.

NAME:

Problem Points Score

1 25

2 25

TOTAL 50
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1. Consider steady 1D conduction in a 1D domain consisting of 3 equal-sized cells as shown in Fig. 1. The right boundary
(x=0) is irradiated with a radiative heat flux given by:

q0 = εσ
(
T 4

∞−T 4)
while the right boundary (x = L) is held at a constant temperature T = Tb. The thermal conductivity k is constant.

(a) Using the finite volume method, develop nominally-linear discrete equations for the unknown temperatures T0,
T1, T2 and T3. Indicate current iterate values with a * superscript.

(b) Develop a discrete equation for the unknown boundary flux at x = L, qL.

(c) Describe step by step how you would solve this problem to obtain numerical values of the discrete temperatures
and the boundary heat flux. Do not attempt to actually solve the problem.
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Figure 1: Computational Domain for Problem 1
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2. Consider diffusion in the 1D computational domain of length L with two cells, as shown in shown in Fig. 2. Cell 2 has
a heat source S in it. The left boundary of the domain is insulated, while the right boundary loses heat commensurate
with the heat generation, i.e.,

q =
∫

L
Sdx

where q is the heat flux leaving the domain. The thermal conductivity k is constant. The mesh may be assumed uniform,
with a mesh spacing ∆x.

Develop discrete equations for the temperatures T1 and T2 for the following 3 cases.

(a) Steady state, S=constant.

(b) Steady state, S = A−BT , A > 0, B > 0

(c) Unsteady state, S=constant. Use the fully-implicit scheme, and develop the discrete equations for time t + ∆t
given the discrete temperatures T 0 at time t.

In each case, answer the following questions:

(a) Can you use a direct solver to solve your discrete equation set? Why or why not? State your reasons clearly.

(b) Can you use an iterative solver to solve you discrete equation set? Why or why not? State your reasons clearly.
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Figure 2: Computational Domain for Problem 2
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3. Consider steady convection of a scalar variable φ in the 1-D domain shown below. At the x = 0 boundary, a mass flux
m”

0 kg/m2s enters the domain, bringing in φ with a value φ = φ0. Diffusion may be ignored.

(a) Consider the case when there is a volumetric mass source ṁs kg/m3s in the domain,bringing in φ with a value
φ = φs.

i. Derive the discrete equations for points 1,2 and 3 using the first-order upwind difference scheme on the mesh
shown in Fig. 3. The control volume faces are denoted by f 0, f 1, f 2 and f 3. Comment on the discrete
equations in terms of the boundedness of the solution and the satisfaction of the Scarborough criterion

ii. Compute the numerical values of φ at the points 1, 2 and 3.

(b) Now consider the case when there is a volumetric mass sink ṁs kg/m3s in the domain. Assume that the mass
loss is at the local value φ(x).

i. Derive the discrete equations for points 1, 2 and 3 using the first-order upwind difference scheme on the
mesh shown in Fig. 3. Comment on the discrete equations in terms of the boundedness of the solution and
the satisfaction of the Scarborough criterion

ii. Compute the numerical values of φ at the points 1, 2 and 3.

For the purposes of computation, you may assume:

m”
0 = 10 φ0 = 1.0, ∆x = 1.0

ṁs = 1.0 and φs = 0.5

Assume all units are consistent so that no unit conversions need be performed.
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Figure 3: Computational Domain for Problem 3
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