Course:
02.461
Physical Science Applications in Agriculture

Unit 4:
Agricultural Structure Systems and Environmental Control
Lesson 4:
Heat Transfer

QCC:
175, 180, 188
Objectives: 

1. 
Describe the different methods of heat transfer.

2. 
Calculate the rates of heat transfer based on different types of material.

3. 
Measure rate of heat transfer for various materials.
Teaching Time: 
3 Hours
References:  
Buriak, Philip & Edward W. Osborne. Physical Science Applications in Agriculture. 
Interstate Publishers, Inc. Danville, IL.  1996.

Materials and Equipment:

Materials needed to conduct the following experiments listed in text:

Experiment 1.
Heat Transfer: Thermal Conductivity, page 202

Experiment 2.
Heat Transfer: Cost of Heating Versus Cost of Insulation, page 203.

Overhead Projector

Transparency 4.4.1

Teaching Procedure

Introduction and Mental Set

Whenever a temperature gradient exists within a system, or a temperature difference exists between two or more contiguous systems, energy transfer takes place.  This energy transfer is called heat transfer.  The rate of heat transfer is measurable and may be used to design, analyses, and/or optimize many systems that require the control of heat transfer processes.

Discussion
1.
Describe the different methods of heat transfer.
The transfer of heat from a warm air space to a cooler air space involves:

A.
Conduction- transmission through a conductor.

B.
Convection- circular motion occurring in a fluid at a nonuniform temperature due to differences in density caused by heat.
C.
Radiation- emitting, transmitting, or absorbing radiant energy.  (Radiant energy- energy traveling as wave motion; electromagnetic.)

2.
Calculate the rates of heat transfer based on different types of material.  
To find the heat loss through a building, each component of the building (walls, ceiling, windows, doors, etc.) must be analyzed.

These relationships are illustrated in the heat loss equation:

  q=   A(t1 - t2)
 


    R


Where:

q = Heat loss

A = Area (square feet)

R = R-value, resistivity (hr. square ft. F degrees/ BTU)

t2 = temperature of outside air

t1 = temperature inside air

If the wall had an area of 1,000 square feet, and the temperature difference (t1-t2) = 60 degrees F

the q wall = 1,000 ft squared (60 degrees) / R

Repeating this process for each different component of the structure, then summing all q=s, will give the total heat loss for a structure.

3.
Distribute AHeat Loss@ handout to students.
4.
Measure rate of heat transfer for various materials.

Use Table 15-1. Resistance Coefficients (R- values) for some common building components.

5.
Students will conduct the following experiments from referenced text and record data:
A. 
Experiment 1.  Heat Transfer: Thermal Conductivity

B. 
Experiment 2.  Heat Transfer: Cost of Heating versus

Summary
Principles of heat transfer are applied in all aspects of contemporary agriculture, from the freezing, drying, and cooking of food products to the environmental temperature controls of agricultural and residential structures.

Review how heat moves through conduction, convection, and radiation.

Review how heat transfer can be measured.

Evaluation

Written Quiz

Data collected from experiments

Experiments

4.4.1
Heat Loss
Building Component
Area 

(square feet)
R-Value
Temp.

Difference
Heat Loss (q)

Wall

Ceiling

Windows

Doors

Floor
1,000

900

100

100

900
12.79

19.00

1.61

1.56

1.87
60

60

60

60

20
4,691

2,842

3,727

3,846

9,626

x


/

     =

Total: 24,732 BTU/hr
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