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EME 165 Numerical Conduction Project

Assigned: Sunday, Nov 10" 2024
Due: Saturday, Dec 7'"; by 11:59 pm
Firm deadline- no extensions
Points allocated: 15

1. Thisis anindividual project. Derivations and coding should be the sole work of the individual
submitting the work. Discussions with TA, faculty and peers in the class are permitted. Use of
textbook is also permitted. Use of generative Al to debug the code is allowed. The student
should clearly note how this resource was used in the submission. However, no online tutors
(for example, tutors on sites like chegg.com) or other sources for any other part such as
formulation of the project may be used.

2. You are required to use Matlab or a programming language to solve the problem. Use of Excel,
ora commercially available solver is not permitted.

3. Beginyour project as soon as it is assigned. Do not wait until the last minute. Formulation and
debugging of the code can take longer than you may expect.

4. Submit a single pdf of derivation/formulation and the code and solution outputs in gradescope.
In a separate gradescope assignment “Project 1 code” submit your code.

Pledge (Project will not be graded without a sighed student pledge):

| confirm that my work in this project is solely my own effort and that | have not received assistance
from any person OR organization within or outside the class. | understand that while discussion
with friends is permitted, but the formulation and coding are my own work. | furthermore understand
that any impropriety will be reported to the UC Davis student misconduct office for disciplinary
action.

Student Signature:

If you are using blank sheets of paper for the solution rather than this printout, acknowledge that you
have read the pledge above by signing your name such as:

Pledge: | have read and accept the pledge.

Signature:




F2024

Problem statement: Post-harvest refrigeration

Post-harvest refrigeration is essential for extending the shelf life of fruits and vegetables. After a cantaloupe
has ripened to a desired level, it needs to be properly refrigerated to keep it fresh during its long-distance
transport from the field to the grocery store.

Determine the time and energy requirement for the post-harvest refrigeration of a cantaloupe using the
information given in the problem.

Figure 1 shows the cross-section of a cantaloupe. It has three different regions: i) the rind: outer shell, ii)
the fruit region, and iii) the seed-cavity. The dimensions and thermos-physical properties of the different
sections of a cantaloupe are provided in Table 1.

The radius of the seed cavity is 5 cm, followed by a fruity-flesh region (mesocarp) of thickness 3.5 cm,
followed by an outer shell/rind of thickness 1.5 cm. Assume that a cantaloupe can be modeled as a sphere
of radius 10 cm.

Table 1: Dimensions and properties of different regions of a cantaloupe.

Regions Radius Thickness Thermal Specific heat | Density
(cm) (cm) conductivity (W/m- | capacity (J/kg-K) | (kg/m?)
K)
Outer shell/rind (3) | - 1.5 0.2 3150 1200
Fruity flesh | - 3.5 0.6 4200 1000
/(mesocarp)(2)
Seed cavity (1) 5 - 0.03 1470 520

seed cavity

mesocarp

5602714

(a) (b)
Figure 1: Cross-section of a cantaloupe: (a)-actual fruit’s cross-section (source: internet) (b) modeled
cross-section
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The cantaloupe is cooled inside an industrial refrigeration storage facility via forced air convection. The
temperature of the cold air is 2 °C, and convective heat transfer coefficient at the cantaloupe shell-air
interface is 50 W/m?-K, and heat is transported into the inner surface of the fruits via conduction.

The initial temperature of the harvested cantaloupe is 30°C, and the cooling process is complete when the
temperature of the fruity-flesh region at the seed-cavity interface reaches 5 °C.

a. Determine whether the transient temperature variation of the cantaloupe can be estimated using a
lumped capacitance model. Explain the reasons for your answer.

b. Using 1-D approximate solution to transient conduction, determine how long it will take for the
temperature of the inner radius of the fruity flesh region to reach 5 °C.

Hint: Use mass weighted average properties to form a hypothetical solid cantaloupe with uniform
properties.

c. Numerically simulate the cooling process and determine the time (final time) it will take for the
temperature of the fruit-seed-cavity interface to reach 5 °C. Use a minimum of 5 nodes in the seed
cavity, and a minimum of 5 nodes in the fruit flesh regions in the radial direction. Plot the
temperature distribution (T vs r) within the cantaloupe at 5 times including the initial time and the
final time.

d. Calculate the energy required (in Joules) to cool the fruit to this temperature distribution by
refrigeration system

e. Compare your answer from parts b and ¢, and comment on any differences you have observed.

BONUS (1 point): Vary the convective heat transfer coefficient from 50 W/m*-K to 180 W/m?-K.
Determine the time taken for the fruit-seed cavity interface to reach 5 °C. Plot the time on the y-axis vs
heat transfer coefficient on the x-axis.

You have to design an industrial post-harvest refrigeration facility to cool 500 cantaloupes, as shown in
Figure 2. You have decided to use the same forced convection air-based cooling technology to cool 500
cantaloupes in your industrial refrigeration facility.

Figure 2: Post-harvest-industrial refrigeratibn system to cool cantaloupes.
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f.  Using your answer from parts ¢ and d, try to infer the time and energy it will take to cool 500
cantaloupes. Identify and explain if you will have to include any additional factors when you
determine the cooling load for your industrial refrigeration system.

Grading Scheme

Parts Points
a. LC method question 0.5
b. 1-D transient conduction- analytical solution 2
c.  Numerical conduction

e Schematic of the control volumes and nodes, identify unique nodes 1.5

e Derivation of the energy balance equations for unique nodes 5

o  Working code 3

e Plot and numerical answer 1
d. energy needed to cool 1
e. Compare analytical and numerical solutions 0.5
f. refrigeration system estimate 0.5
BONUS question 1
Total 15+1

bonus




