Cornell Science Inquiry Partnerships       Cornell University         http://csip.cornell.edu 

Cornell Science Inquiry Partnerships       Cornell University         http://csip.cornell.edu 


A Study in Latent Heat: How “Hungry” is a Hurricane?
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Stephen Jessup, CSIP Graduate Student Fellow, Cornell University
Overview

This worksheet is provided to improve students' understanding of the significance of latent heat energy in the atmosphere. It also demonstrates how simple equations (from both math and science classes) can be combined to answer seemingly complicated questions.

Subject   

Earth Science, Physical Science, Chemistry, or any subject that discusses latent heat

Audience

Due to the physical concepts, math, and unit conversions involved, this worksheet is best suited for 8th graders and up in Earth Science, Physical Science, Chemistry, and related classes.

Time Required 

The worksheet should require somewhere between 15 and 30 minutes to complete, depending on the student. It may be used in-class or as a homework assignment.

Background

Latent heat is a topic that students often struggle with, perhaps because they have difficulty with the theoretical concept. This worksheet provides a means of applying latent heat to a real-world situation, which will hopefully make the topic more accessible to students. The worksheet also has a more general application – it shows students how complex problems can be broken down into a series of simple steps.  

Learning and Behavioral Objectives

In completing this worksheet students will:


- Apply the concept of latent heat to a real-world situation


- Understand the significance of latent heat as an energy source for hurricanes 
and other weather phenomena


- Solve a series of equations to answer a question.


- Use unit conversions and scientific notation in solving a problem.


- Realize that math and science classes are interrelated, and that material from 
both can be applied to the same problem.

National Science Education Standards addressed

Content Standards – Grades 5-8

- Mathematics is important in all aspects of scientific inquiry.

- Energy is a property of many substances and is associated with heat, light, electricity, mechanical motion, sound, nuclei, and the nature of a chemical. Energy is transferred in many ways.

- Identify and use functional relationships

Content Standards – Grades 9-12

- Mathematics is essential in scientific inquiry. Mathematical tools and models guide and improve the posing of questions, gathering data, constructing explanations and communicating results.

- Earth systems have internal and external sources of energy, both of which create heat.

Assessment Strategy

An answer key is included at the end of this teacher's guide to assist in grading the worksheet.

Teaching Tips

1.  This worksheet is not intended as an introduction to latent heat. It is more effective after the concept has been discussed in class.

2.  If you wish to challenge the students (such as in an advanced class), remove either the equations or the step-by-step instructions from the worksheet and ask the students to do the reasoning for themselves.  

3.  You could extend the activity, or change it for different classes, by using different comparisons than the Big Mac. For example, you could compare a hurricane's daily energy use to that of the United States or the entire world.  

4.  The answer is a large number that may not be easy for the students to conceptualize. You may want to challenge them to create an example to describe how large their answer is, or you may want to give them an example yourself. (For example, if a Big Mac is 4 inches tall, how far would a stack of 1.954E13 Big Macs reach into space? Eating three Big Macs a day, how many years would it take to eat 1.954E13? How many people has McDonalds served?)

Potential Problems

1. Students should be comfortable with converting units and multiplying numbers in scientific notation before using this worksheet.  The values are so large that scientific notation simplifies the calculations immensely.

2. In the exercise, the answer to one step is necessary to solve the next step. As a result, a mistake in an early step will make the answers to the resulting steps incorrect as well. Students should be warned of this potential pitfall. In grading the exercise, the method should carry more weight than the answer in order to account for this.

Possible Extension

Another way to make latent heat come to life in the classroom is with a simple demo. A demo piloted in conjunction with this activity used a box fan blowing over a dissecting pan (a cake pan also works) filled with water. The fan speeds the evaporation of the water, resulting in a detectable cooling due to latent heat loss - the opposite of the condensational heating that occurs in a hurricane. A thermometer immersed in the water throughout the demo will reveal this cooling. In general the demo can be set up at the beginning of a period and resumed at the end - cooling can usually be seen after half an hour or less.  

Additional Resources

NOAA Question of the Month: How much energy does a hurricane release?

http://www.noaa.gov/questions/question_082900.html
NASA Latent Heat Release Inside Hurricanes:

http://www.planearthsci.com/products/Hurricanes/tutorial%20pieces/Exercises/ExerciseOne.html
Basic hurricane information:

http://earthobservatory.nasa.gov/Library/Hurricanes/
Hurricanes: online meteorology guide:

http://ww2010.atmos.uiuc.edu/(Gh)/guides/mtr/hurr/home.rxml
National Hurricane Center:

http://www.nhc.noaa.gov/index.shtml
Hurricanes: Nature's greatest storms:

http://hurricanes.noaa.gov/
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ANSWER KEY 

A Study in Latent Heat: How “Hungry” is a Hurricane?

Step 1: Estimate the area of the hurricane in square meters. Let's say that the hurricane is a perfect circle and that its radius is 665 km (the average diameter of a hurricane).  

A = π*R2 = 3.14159 * 665000 m2  = 1.389E12 m2  (1,389,000,000,000 m2)

Step 2: Estimate the volume of water evaporated. To do this, you will need to know the depth of the water that is evaporated. Assume that a layer of water 1.5 cm deep is evaporated. This is equivalent to the average rainfall over an average hurricane's area in one day - an underestimate, because this doesn’t include condensation into cloud droplets.. (Note: Be careful of your units!)

V = A * d = 1.389E12 m2  * 0.015 m = 2.084E10 m3  (208,400,000,000 m3)

Step 3: Convert this volume of water that you've just calculated to mass. Then, convert this mass from kg to g. (Hint: The density of water is 1000 kg/m3.)

M = D * V = 1000 kg/ m3 * 2.084E10 m3  = 2.084E13 kg = 2.084E16 g

Step 4: Use the latent heat of vaporization and your result in step 3 to find the amount of latent heat energy released, in calories.  

E = LH * M = 540 * 2.084E16 = 1.125E19 calories

Step 5: So that this number makes more sense, convert this to food Calories, which we see everyday on food containers. (1000 calories = 1 Calorie). Then determine how many Big Macs this latent heat energy is equivalent to. You'll get an idea of just how “hungry” a hurricane is in one day! (1 Big Mac = 576 Calories).

Energy = 1.125E19 / 1000 = 1.125E16 Calories

Big Macs = 1.125E16/ 576 = 1.954E13 Big Macs     (19,540,000,000,000) 

(19.54 trillion Big Macs!)

     Question:  We all know that hurricanes don't really eat Big Macs, so how would you 

explain this result in terms of the energy changes that take place during hurricanes?

In short, water evaporates at the ocean's surface, rises, and condenses into clouds and precipitation. This condensation releases huge amounts of energy that power the storm, just as food fuels us in our daily lives.

Challenge Question: Where might all of this energy that is produced in a hurricane go?

The energy released from latent heat generates a tremendous amount of heat energy that warms the upper levels of the hurricane and its surroundings. Some of this energy is converted to kinetic energy - wind.
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