JoeyC’s guide to Thermodynamics
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Building Your Device

Hello guys, my name is Joey, and today I’ll be guiding you
how to build your own Thermodynamic device!(and a bit more)
*Note; the rules might change, but the most of the tips
should hold, or be applicable in another way*
Here are our steps
1.)
2.)
3.)
4.)

Determining what materials to use
Planning
Construction
Other Tips

Let’s begin!
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Materials
When building your thermodynamic device (AKA fancy little
box that you spent way too much time on), materials are key.
There are 2 main types of insulation: Foam insulation boards
and spray foam. Spray foam can be useful for filling gaps,
and insulation board can be used to make the main box, but
it all comes down to what you think is best.

3 Things to consider when picking materials:
1.) R-Value
R-Value is insulation power of given material. For example,
this insulation foam board has an R-Value of 5 per inch of
thickness. The higher the R-Value, the better.
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2.) Thickness of board (if using a board)

This leads somewhat into Planning, but knowing how thick
your board is essential to building a valid device. Higher
R-Value is not always good if the board is too thick. This
is due to the size constrictions of the device. This will be
discussed more in Planning.
3.) Cost
Of course, cost is always a problem. If you have enough
money to spend, go on ahead, but if you’re like me, cost can
be a big limiting factor. Most times, you shouldn’t need
expensive materials to beat the competition; HREF (Heat
retention score) is minor compared to Prediction Score, and
getting 2-3 *C final temperature below your opponents
shouldn’t make that much of a difference. However, when
you’re going into a high stake competition where every point
matters (national, state) things such as vacuum plate or
aerogel can make a difference. Common places to get these
materials include most type of home improvement stores; I
prefer Home Depot, but in this case Lowes can be better. I
built 3 devices all out of one board that cost $20 from
Lowes. (Extra: the board was a PolyIso board that had
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reflective coating and was also waterproofed, had an R-Value
of 5, and was about 1.6 cm thick)
Other Tips:
On the subject of aerogels, if you do buy one, make sure
that you buy one without fiberglass in them. Remember that
fiberglass, along with mineral wool and asbestos (because
anyone in scioly knows that asbestos is perfectly harmless)
are banned from competition on account of being harmful to
some measure on inhalation of their dusts/material. (at the
least). If you do buy one, there are some from Cabot co.
that have no fiberglass. Aerogels also absorb a prodigious
amount of water during testing and degrade overtime,so watch
out. Though, from personal experience, they don’t make that
much of a difference and aren’t worth it.
Pluses for materials include reflecting covering, and
waterproofing. Reflective covering allows for extra
insulation- face it inwards to the heat source, or away and
towards the cold (if you have inner and outer walls).
Waterproofing ensures that your boards don’t absorb water
and lose potency over time.
Summation:
Good materials are Insulation Board and Insulation Spray
Higher R-Value, the better
Thicker the board, (if using a board), the worst
Expensive isn’t always better
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Planning
Planning your device’s construction can be done via many
methods including paper and pencil, CADs such as SketchUp or
(for those high-enders out there) AutoCAD, small form
modeling (where you just model with playdough,popsicle
sticks, or similar materials til you get a design you
like), etc.
*NOTE Sketchup Make 2016 can be downloaded free off the
Sketchup Site (at time of publishing)*
Important things to note when Planning
1.) Bigger is better! Build your box to the maximum
dimensions allowed by your division. Then fill the box
up with material; foam spray, board, even cotton balls;
stuff the interior of the box full! In the end, the
interior of the box should barely fit the beaker (it
should just be able to hold the beaker, there’s that
little room), but the exterior should be just the max
dimensions allowed. This allows for small surface area
for heat transfer, but large thickness for insulation.
Plug this into the heat transfer equation and you get
magic.
2.) Get ALL the dimensions beforehand. This is a given.
If you try without all the dimensions measured out, well
……...you’re going to have a bad time. (yes, I know
Undertale is old, don’t tell me twice)
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3.) Be aware of thickness (cont. from materials). If
you’re trying to make, for argument's sake, a cube, you
won’t be able to make, for the sides, four equal sides; due
to thickness, the walls will have to be 2 sets of sides.

Not only this, but the top and bottom as well, depending on
how you make the device! (Yes, it’s a 10*10*10 cube; just
for demonstration purposes. In a real competition, always
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build to max dimensions)

Apply this reasoning to all structures you make. For
example, I want to make a 10*10*10 cube with board that is 1
inch thick. Because it is in inches I must convert inches to
centimeters. This is about 2.5 cm thick. So my small set of
walls (the red ones in the first above diagram) should be a
square that is 5cm by 5cm.
If we say that our beaker occupies about 6 cm of space, if
our board is (DivB) thicker than ~2.75 in. or 7 cm or (DivC)
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thicker than ~1.8 in. or 4.5 cm., it can’t be used to make a
box.
4.) Give yourself room. As I work on my boxes, they tend
to grow off planned dimensions by about a cm or so. Plan
accordingly, and perhaps plan to build a box (if B div) 19
by 19 by 19 or (if C) 14 by 14 by 14.
Other tips:
If the beaker isn’t 12 cm from the top of the box, boost it
up by putting material underneath it.
Summation:
Build to the max dimensions allowed by your division, but
make the interior area of the box small by filling it with
materials (ex; inner walls, spray foam, cotton balls, etc.),
that way the beaker barely fits in.
Account for thickness. In divB the board can’t be thicker
than 2.75in, and in divC the board can’t be thicker than 1.8
in.
Give yourself room to grow!
Convert in. to cm. REMEMBER THE UNITS (when you get the
physics question wrong because you forgot to convert 70 cm
to .7 m and the desk flies out the second level basement)
REMEMBER THAT (CURRENTLY) THE BOTTOM OF THE BEAKER MUST BE
12 CM FROM THE TOP OF THE BOX AND THAT THERE MUST BE A HOLE
1.5 CM IN DIAMETER ABOVE THE BEAKER TO FIT A
PROBE/THERMOMETER IN

Construction
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Construction is relatively easy compared to the other
sections. It just takes time.
Tools: Exacto Knife/Box Cutter

Other Materials: (other than insulation) Duct Tape NO
GlUE (works really bad)

Tips:
When cutting board, stab your knife in, pull out, then
stab on the next part of the line; you can’t cut foam board
like you would paper, you have to approach with a sewing
machine like approach. Stab in, take out, move up the line,
stab in, take out, move up the line, repeat. It’s a bit
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confusing, but you’ll see what I mean when you try to cut it
for yourself.
When cutting board, do it where you can clean up easy,
because you know those miniature displays where a fan stirs
up small foam beads inside a sphere to imitate snow?

Yeah, well they’re coming for your workplace next, and
if you have carpet it’s a pain to clean up.
Summation:
When cutting board, don’t cut like scissors, instead
stab your way through (like a sewing machine)
Don’t use glue; it doesn’t work well, use duct tape
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Work in an easy to clean area.
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Testing out your Device
Here in testing out your device we have a couple of
sections as well. In order of appearance, we have:
1. ) The technicals of testing
2. ) Predictions
3. ) Ice Water Bonus
Each of these sections are full of experience and observe
important things that don’t immediately stick out to the
Thermo partaker.

The Technicals of Testing
Yes, testing your device might seem easy and obvious, but
(like many things) getting serious about it means dealing
with a lot of technical problems. (Like when you tell
someone that “The ball is red”, but then they ask you to
explain, and you end up talking about the quantized nature
of the universe, the Sun’s wavelength range, etc.)
The process for testing devices runs like so:
1. ) Heat Target Volume of Water to Target Temperature
2. ) Wait an amount of time (for divB it’s 30 minutes, but
for divC it can be 20-40 minutes)
3. ) Check temperature
4. ) Cool down device to room temperature
5. ) Rinse beaker, repeat
We will discuss each step below.
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Step One : Heating Water
While this may seem simple, I doubt many of you have
constant, unrestricted access to a hot plate. Most of only
have access to our microwave and/or stove.

Herein lies our problem; neither of these are as consistent
as the hot plate, and consistency is essential to obtaining
valid data.
My method for working around this is to heat a quantity of
water above your target volume and above your target
temperature and then pour your target volume of water you
want into your beaker and wait for it to cool to your target
temperature.
My reasoning for this method is this: when you heat water,
it ”expands” due to heat (ex: 150 ml of water expanding to
become 160 ml of water after heating). In the actual testing
environment, the water is already heated consistently via
hot plate; the water they’re pouring you is already
“expanded”. To replicate this, we must pour ourselves water
that is already “expanded” as well, hence we must (instead
of pouring our target volume then heating) heat our water
and then pour out our target volume. The reason we heat it
to above the target temperature is because while we can
14

always lose heat, we can’t always add it; when we are
handling the water, we will almost certainly be losing heat.
Therefore we must give ourselves room, or in this case, heat
to work with and heat our water above the target volume.
It is almost impossible to use this method on water that is
heated to 90*C, as the heat is lost too quickly. Instead
pour the target volume first and heat to above target
temperature, then quickly insulate and wait for the
temperature to cool to target volume.

Step Two : Waiting
If I had to say something (hey, I do!) it would be to make
sure that you set a timer. Or set two timers; one to notify
you that you have a minute left and another to tell you when
to measure. Not much on this.

Step Three : Check Temperature
For this step, no other tips than to use a glass
thermometer/probe so that you don’t have to take off the lid
of your device.

Step Four : Cooling
Many people don’t realize it, but this is an important step
especially if you tested your device within the last 10 or
15

so minutes. Cooling time can vary depending on ambient air
temperature, but it usually takes about 10-15 minutes to
completely reset your device. This can be sped up by putting
cold water or ice inside your beaker and using that to cool
down the device (make sure the device isn’t too cold).

Step Five : Rinsing Beaker
This step, like step four, goes by unnoticed for many, but
if not performed after every test, can lead to
inconsistencies. Rinsing your beaker ensures that your
beaker’s temperature is reset, and also that any foam/dust
that might have fallen into your beaker is washed out. Not
washing your beaker can cause performance drops up to 4*C.

Summation:
To heat water without a heat plate (<90*C), heat a volume of
water that is greater than your target volume (by at least
20 ml) to a temperature that is greater (by at least 5*C)
than your target temperature, then pour target volume into
beaker and wait til the temperature cools to your target
temperature (to start).
For temperatures approaching 90*C, don’t use the first
method. Instead, if your target volume is low (<80 ml), add
about 5 ml more water and heat to above target temperature,
and if your target volume is large (>130 ml), take away
about 5 ml and heat to above target temperature. (Via this
method, just heat the *adjusted* target volume of water and
wait for it to cool to target temperature before starting)
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If you’re trying to do consecutive tests of your device
within less than 10 minutes in between them, make sure to
cool your device down to room temperature before testing.
Putting ice/ice water in your beaker can aid in cooling.
Rinse your beaker after each test to rid yourself of debris
that can cause inconsistencies and lower performance.
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Predictions
So now we have our data. What do we do with it, and how do
we utilize it? Well….

Formulas
Using our data, we can make formulas to predict final
temperatures with ease.
First, we collect data (hopefully at least 3 data points)
that share a same volume of water and same time period.
Let’s make ourselves a hypothetical data set that includes
50ml with initial temperature of 90*C and final temperature
of 63*C over 30 minutes, 50ml with initial temperature of
80*C and final temperature of 58*C over 30 minutes, and 50ml
with initial temperature of 63*C and final temperature of
50.5*C over 30 minutes. Then we take the initial temperature
and set it as an x value, and the final temperature as a y
value. Now our values are (90, 63), (80, 58), and (63,
50.5). We now use our trusty Ti Nspire- wait, you don’t have
a Ti Nspire (or don’t know how to use it)? Well, we can
always use http://www.xuru.org/rt/LnR.asp#Manually
For the same purpose. So we plug in our values (if you’re
using the website, then go down to the insert manually
option, enter the number of data point you have in, then
plug in values accordingly), and then hit find logarithmic
equation of best fit. Our imaginary data sets’ function was
y = 34.51286232 ln(x) - 92.67634398. Now you can find the
final temperature of 50 ml of water insulated in your device
over 30 minutes by plugging in the initial temperature in as
x.
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Strategic Guessing
However, formulas don’t work nearly as well for DivC (or
DivB once you get high enough) due to the extreme amount of
variation that nulls out a simple logarithmic function. This
is where we come to strategic guessing. We all know how to
do this; take a data point that best fits our situation,
guess how much the result would be altered by if it was x
degrees higher or x minutes less, and lock in the answer.
However, there are some other factors I would like to
introduce.
● Room temperature- is the room’s temperature higher or
lower than it was at testing temperature?
● Procedure- are the proctors using a different procedure;
keeping the water out too long so that the temperature
cools outside of the insulating device, etc.?
● Other external factors
Just make sure that when you’re making your predictions that
you are adapting your data to your current situation.
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Ice Water Bonus
It doesn’t really fit in anywhere, so it goes here. The Ice
Water Bonus wasn’t (2017-2018 season) very influential, and
many advise against it. However, if you do attempt it, know
these details.
● It works better at lower temperatures (<70*C)
● This is obvious, but it's going to mess up your
formulas; adapt your predictions accordingly
● Ice water is supposed to be 0*C, but this can vary (due
to event supervision)
● It adds volume to your water, which in turn adds extra
heat retention (but still costs your temperature)
The ice water bonus (2017-2018) is very situational and can
give you an edge, but if you’re not ready to adapt your
predictions, then you generally shouldn’t take it.
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The test
It’s all come down to this. This is the most important
factor in determining whether you place. Thermodynamics is
diverse subject, and can range from thermochemistry to
engineer’s college level thermodynamics, so here I have
prepare a list of topics we will be covering here:
1.) 4 Laws of Thermodynamics
2.) Thermochemistry (entropy, enthalpy, Gibb’s free
energy)
3.) Pressure
4.) Ideal Gas Equation
5.) Many Gas Laws
6.) Carnot Cycle/Heat Engines
7.) Unit Conversions
8.) Others (P-V Diagrams, Phase change diagrams, etc.)
9.) History
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4 Laws Of Thermodynamics
1st Law: "A change in the internal energy of a closed
thermodynamic system is equal to the difference between the
heat supplied to the system and the amount of work done by
the system on its surroundings."
Simplified: Change in internal energy in a closed isolated
system is equal to change in heat minus work, or ΔU = Q − W
2nd Law: : "Heat cannot spontaneously flow from a colder
location to a hotter location."
Simplified: Things always get more disordered. (when you
clean your room, you get more disordered; and the system
that is you and the room get in average more disordered)
3rd Law: "As a system approaches absolute zero, all
processes cease and the entropy of the system approaches a
minimum value."
Simplified: You can’t get to absolute zero.
0th Law: "If two systems are each in thermal equilibrium
with a third, they are also in thermal equilibrium with each
other."
Simplified: If a=c and b=c then a=b.
Ginsberg’s Theorem (a summation of the laws):
0th Law.) There is a game
1st Law.) You can’t win
2nd Law.) You can’t break even
3rd Law.) You can’t even get out of the game.
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Thermochemistry
Equations:
G =

H -

(TS)

H =

E +

(PV)

Where G is gibbs free energy, H is enthalpy, T is
temperature, E is energy, P is pressure, V is volume, and S
is entropy.(
pressure )

is change in a value. Ex:

P is change in

Gibbs Free Energy- a function of enthalpy and entropy that
determines whether or not a reaction is spontaneous
Entropy- a value that represents how “disordered” a
substance is. In a reaction, entropy is positive if phases
change to become a more disordered phase (solid-gas or
solid-liquid or liquid-gas) or if one molecule breaks up to
become multiple.
Enthalpy- a value that represents that total heat of the
system. A reaction is classified as either
<0 or endothermic if

exothermic if

H

H > 0.

How to use this equation:
This equation is used for determining if a reaction will
spontaneously react (i.e. dissolving two powders together
and then having to pay premiums on your medical insurance
afterwards). Favorable conditions (for spontaneous
reactions) include when
H* < 0 and
S* >0. Unfavorable
conditions include when
H* > 0 and
S*< 0. However, these
don’t matter as much as Gibbs; the final determining factor.
If G*<0 it’s favorable, but if G*>0 it’s unfavorable.
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Pressure
Equations:
P =
F

F⟂
A

buoy

(basic pressure equation)

= V gρ f (Buoyant Force Equation)

Where V is volume, g is the gravitational acceleration
constant (9.8 m/s), ρ is density (if it has an f underneath
it, then it refers to the fluids density), F ⟂ is force
perpendicular to a subject, and A is area.
To calculate pressure on an object/s face we simply find the
forces that are acting perpendicular to given face, divide
that by area of the face, and we have pressure. (remember
one Pascal = MN 2 )
The buoyant force equation can be used for both water and
air; any fluid. This calculates the upward force generated
by displaced fluid on an object. It both reduces weight of
an object in water (new weight is found by V gρ object − V gρ f luid )
and determines if something floats or sinks (if the value
for the previous equation is <0 then the object floats. If
it equals 0 it is suspended, and if it is more than 0 it
sinks. This may come up, but it (probably) won’t be the main
focus. Remember the kPa! (kilopascal)

24

Ideal Gas Equation
Equations:
P V = nRT (ideal gas equation)
Where V is volume, P is pressure (Pa), n is moles of a
substance, R is the ideal gas constant (8.314 J/mol*K), and
T is temperature (K).
This formula can be applied to basically any type of
question on gases/expansion/heat. You might need periodic
table, but it works really well. To find n (number of moles)
just us this equation;

Grams of substance
M oles of substance

=

M olar mass of substance (g)
One M ole

.

Gases are closest to ideal when they are at high
temperatures and pressures and have small composing molecule
because then intermolecular forces (which the ideal gas
equation doesn’t account for) don’t have as much swing.
Ex: A 5 moles of a gas inside a balloon at STP are heated up
to 100*C. What is the volume of the balloon after the gas is
heated?
PV=nRT
P=1 atm

T i = 273K

R= 8.314

J/mol*K n = 5

P= 101325 pascals T f =373K
V =
V=

nRT
P
(5 mol)(8.314 J/mol*K)(373 K)
101325 P a

V= .153 cubic meters.
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Many Gas Laws
These 3 are basically rock-paper-scissors equations relating
pressure, volume, and temperature when one of given factors
is a constant value.
Boyle’s Law: P 1 V

= P 2V

1

2

States that at a constant temperature the product of the
pressure and volume of an ideal gas in a closed system is
always constant.
Charles's Law:

V
T

1
1

=

V
T

2
2

States that at constant pressure volume is directly
proportional to absolute temperature.
Gay-Lussac Law:

P
T

1
1

=

P
T

2
2

States that at constant volume pressure is directly
proportional to absolute temperature.
Avogadro’s, unlike the previous 3
Avogadro's Law:

V 1
n1

=

V 2
n2

States that the volume occupied by an ideal gas is directly
proportional to the amount of moles that it consists of. At
STP this means that one mole of gas occupies about 22.4
litres.
These are the basic Many Gas Laws.
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Carnot Cycle/Heat Engines
Heat engines are engines that operate by utilizing the
movement of heat from a heat reservoir to a heat sink (hot
place-cold place). The Carnot Cycle is refers to the process
heat engines use, and is shown below. (adiabatic means no
heat is lost or gained, and isothermal means there is no
change in internal energy)

All heat engines operate as the Carnot Cycle does, though
the Carnot Cycle is theoretical, and is reversible because
it doesn’t lose energy to the second law of thermodynamics
(because it’s theoretical). Efficiency (how much heat an
engine can convert into work) of a heat engine is found like
so:
W
Q Heat Reservoir

=

Q Heat Reservoir −Q Heat Sink
Q Heat Reservoir

Where Q is heat energy.
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Unit Conversions:
from Celsius

to Celsius

Fahrenheit

[°F] = [°C] × 9 ⁄5 + 32

[°C] = ([°F] − 32) × 5 ⁄9

Kelvin

[K] = [°C] + 273.15

[°C] = [K] − 273.15

Rankine

[°R] = ([°C] + 273.15) × 9 ⁄5

[°C] = ([°R] − 491.67) × 5 ⁄9

Delisle

[°De] = (100 − [°C]) × 3 ⁄2

[°C] = 100 − [°De] × 2 ⁄3

Newton

[°N] = [°C] × 33
 ⁄100

[°C] = [°N] × 100
 ⁄33

[°Ré] = [°C] × 4 ⁄5

[°C] = [°Ré] × 5 ⁄4

[°Rø] = [°C] × 21
 ⁄40 + 7.5

[°C] = ([°Rø] − 7.5) × 40
 ⁄21

Réaumur
Rømer

from Fahrenheit

to Fahrenheit

Celsius

[°C] = ([°F] − 32) × 5 ⁄9

[°F] = [°C] × 9 ⁄5 + 32

Kelvin

[K] = ([°F] + 459.67) × 5 ⁄9

[°F] = [K] × 9 ⁄5 − 459.67

Rankine

[°R] = [°F] + 459.67

[°F] = [°R] − 459.67

Delisle

[°De] = (212 − [°F]) × 5 ⁄6

[°F] = 212 − [°De] × 6 ⁄5

Newton

[°N] = ([°F] − 32) × 11
 ⁄60

[°F] = [°N] × 60
 ⁄11 + 32

Réaumur

[°Ré] = ([°F] − 32) × 4 ⁄9

[°F] = [°Ré] × 9 ⁄4 + 32
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Rømer

from Kelvin
Celsius

[°Rø] = ([°F] − 32) × 7 ⁄24 + 7.5

[°F] = ([°Rø] − 7.5) × 24
 ⁄7 + 32

to Kelvin
[°C] = [K] − 273.15

[K] = [°C] + 273.15

[°F] = [K] × 9 ⁄5 − 459.67

[K] = ([°F] + 459.67) × 5 ⁄9

Rankine

[°R] = [K] × 9 ⁄5

[K] = [°R] × 5 ⁄9

Delisle

[°De] = (373.15 − [K]) × 3 ⁄2

[K] = 373.15 − [°De] × 2 ⁄3

Newton

[°N] = ([K] − 273.15) × 33
 ⁄100

[K] = [°N] × 100
 ⁄33 + 273.15

[°Ré] = ([K] − 273.15) × 4 ⁄5

[K] = [°Ré] × 5 ⁄4 + 273.15

Rømer

[°Rø] = ([K] − 273.15) × 21
 ⁄40 + 7.5

[K] = ([°Rø] − 7.5) × 40
 ⁄21 + 273.15

from Rankine

to Rankine

Fahrenheit

Réaumur

Celsius

[°C] = ([°R] − 491.67) × 5 ⁄9

[°R] = ([°C] + 273.15) × 9 ⁄5

[°F] = [°R] − 459.67

[°R] = [°F] + 459.67

Kelvin

[K] = [°R] × 5 ⁄9

[°R] = [K] × 9 ⁄5

Delisle

[°De] = (671.67 − [°R]) × 5 ⁄6

[°R] = 671.67 − [°De] × 6 ⁄5

Newton

[°N] = ([°R] − 491.67) × 11
 ⁄60

[°R] = [°N] × 60
 ⁄11 + 491.67

Réaumur

[°Ré] = ([°R] − 491.67) × 4 ⁄9

[°R] = [°Ré] × 9 ⁄4 + 491.67

Fahrenheit
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Rømer

from Delisle

[°Rø] = ([°R] − 491.67) × 7 ⁄24 + 7.5

[°R] = ([°Rø] − 7.5) × 24
 ⁄7 + 491.67

to Delisle

Celsius

[°C] = 100 − [°De] × 2 ⁄3

[°De] = (100 − [°C]) × 3 ⁄2

Fahrenheit

[°F] = 212 − [°De] × 6 ⁄5

[°De] = (212 − [°F]) × 5 ⁄6

Kelvin

[K] = 373.15 − [°De] × 2 ⁄3

[°De] = (373.15 − [K]) × 3 ⁄2

Rankine

[°R] = 671.67 − [°De] × 6 ⁄5

[°De] = (671.67 − [°R]) × 5 ⁄6

Newton

[°N] = 33 − [°De] × 11
 ⁄50

[°De] = (33 − [°N]) × 50
 ⁄11

Réaumur

[°Ré] = 80 − [°De] × 8 ⁄15

[°De] = (80 − [°Ré]) × 15
 ⁄8

Rømer

[°Rø] = 60 − [°De] × 7 ⁄20

[°De] = (60 − [°Rø]) × 20
 ⁄7

from Newton
Celsius

to Newton
[°C] = [°N] × 100
 ⁄33

[°N] = [°C] × 33
 ⁄100

[°F] = [°N] × 60
 ⁄11 + 32

[°N] = ([°F] − 32) × 11
 ⁄60

Kelvin

[K] = [°N] × 100
 ⁄33 + 273.15

[°N] = ([K] − 273.15) × 33
 ⁄100

Rankine

[°R] = [°N] × 60
 ⁄11 + 491.67

[°N] = ([°R] − 491.67) × 11
 ⁄60

Delisle

[°De] = (33 − [°N]) × 50
 ⁄11

[°N] = 33 − [°De] × 11
 ⁄50

[°Ré] = [°N] × 80
 ⁄33

[°N] = [°Ré] × 33
 ⁄80

Fahrenheit

Réaumur
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Rømer

[°Rø] = [°N] × 35
 ⁄22 + 7.5

from Réaumur
Celsius

[°N] = ([°Rø] − 7.5) × 22
 ⁄35

to Réaumur
[°C] = [°Ré] × 5 ⁄4

[°Ré] = [°C] × 4 ⁄5

[°F] = [°Ré] × 9 ⁄4 + 32

[°Ré] = ([°F] − 32) × 4 ⁄9

Kelvin

[K] = [°Ré] × 5 ⁄4 + 273.15

[°Ré] = ([K] − 273.15) × 4 ⁄5

Rankine

[°R] = [°Ré] × 9 ⁄4 + 491.67

[°Ré] = ([°R] − 491.67) × 4 ⁄9

Delisle

[°De] = (80 − [°Ré]) × 15
 ⁄8

[°Ré] = 80 − [°De] × 8 ⁄15

Newton

[°N] = [°Ré] × 33
 ⁄80

[°Ré] = [°N] × 80
 ⁄33

Rømer

[°Rø] = [°Ré] × 21
 ⁄32 + 7.5

[°Ré] = ([°Rø] − 7.5) × 32
 ⁄21

Fahrenheit

from Rømer
Celsius

to Rømer
[°C] = ([°Rø] − 7.5) × 40
 ⁄21

[°Rø] = [°C] × 21
 ⁄40 + 7.5

[°F] = ([°Rø] − 7.5) × 24
 ⁄7 + 32

[°Rø] = ([°F] − 32) × 7 ⁄24 + 7.5

Kelvin

[K] = ([°Rø] − 7.5) × 40
 ⁄21 + 273.15

[°Rø] = ([K] − 273.15) × 21
 ⁄40 + 7.5

Rankine

[°R] = ([°Rø] − 7.5) × 24
 ⁄7 + 491.67

[°Rø] = ([°R] − 491.67) × 7 ⁄24 + 7.5

Delisle

[°De] = (60 − [°Rø]) × 20
 ⁄7

[°Rø] = 60 − [°De] × 7 ⁄20

Newton

[°N] = ([°Rø] − 7.5) × 22
 ⁄35

[°Rø] = [°N] × 35
 ⁄22 + 7.5

Fahrenheit
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Réaumur

[°Ré] = ([°Rø] − 7.5) × 32
 ⁄21

[°Rø] = [°Ré] × 21
 ⁄32 + 7.5

Charts courtesy of Wikipedia.(There is no good reason to
retype all these charts when they would give the exact same
data).
1 btu = 1055.6 J
1 Pascal= 9.86923*(10^-6) atms
1 atm = 101325 Pascals
(remember the KiloPascal)
1 atm = 760 Torr/mmHg (pressure from 1 mL of mercury)
1 Torr = .00131579 atm
1 Bar = 0.986923267 Atm
1 Atm = 1.01325 Bars
1 psi = 0.068046 atm
1 atm = 14.6959565706035 psi
(this is mine own handiwork)
Just Print out the charts: don’t try to memorize all of them
(though you can if you wish)
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Others
Phase Change Diagram

Phase change diagrams represent the relation between
temperature, pressure and the phase of an object. The triple
point represents the point where all 3 stages exist at once.
The critical point represents the point from where then on
(in the yellow zone) a substance is a supercritical fluid,
having the properties of both a gas and a liquid; it can
phase through solids ike a gas and dissolve things like a
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liquid.

P-V Diagram. Shows the relation between pressure and volume
during a process. Area underneath or contained by a P-V
graph shows how much work is done during a process.
Portrayed above is a cyclic process.
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This is a T-S diagram. It shows the relation between entropy
and temperature during a process (or, in above case, cycle).
Further Resources And What to learn (you’re going to need
them):
P-V Diagrams/T-S Diagrams/ Cycles
https://www.grc.nasa.gov/WWW/k-12/airplane/pvtsplot.html
AP Physics II: Fluid Pressure and Thermodynamics units
AP Chemistry: Thermochemistry unit
https://www.khanacademy.org/
If you learn AP Physics II and Chem, you should be good.
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History
History is simple; this is where you use your binder to your
advantage. However, having a binder full of information
doesn’t matter if you don’t have a hint of where to begin.
Here is a brief summarization of important people and things
of Thermo.
Theories of Heat:
Caloric Theory- stated that heat was a fluid that obeyed the
second law of thermodynamics (flows from “hot” substances to
“cold” substances). Was a ~17th century theory that is now
obsolete
Phlogiston Theory- stated that all combustible objects have
“phlogiston” which, when burned, is released to be heat. Was
disproved when “phlogiston”-less air was realized to be key
in combustion.
Kinetic Theory- our current theory of heat. States that heat
is caused by movement of molecules.
People:
James Watt- Made the Watt steam engine, one of the first
effective ones
William Rankine- Started up the Thermo field Made Rankine
Scale
James Prescott Joule- found the relation between electricity
and heat, helped develop Kelvin scale
Nicolas Sadi Leonard Carnot- “Father of Thermodynamics”
sparked public interest in field by publishing “Reflections
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of the motive power of Fire”, which theorized the first
steam engine.
Rudolf Julius Emanuel Clausius- Invented the Second Law of
Thermodynamics, introduced entropy
Walther Hermann Nernst- Made the 3rd Law of Thermodynamics
James Clerk Maxwell- Introduced statistics used in kinetic
theory of gases
Daniel Gabriel Fahrenheit- Perfected first thermometers,
Made Fahrenheit scale
Anders Celsius- Made Celsius Scale
William Thompson (aka Lord Kelvin) - coined word
“thermodynamics”, Made Kelvin Scale
Otto von Guericke- Built first vacuum pump
Thomas Savery- built the first engine (crude, weak)
Robert Hooke- built an air pump.
Ludwig Boltzmann - made connection between entropy and
molecular motion, significant contributor to kinetic theory
Willard Gibbs- Gibbs Free energy equation was made by him,
introduced Enthalpy’s concept
Heike Kamerlingh Onnes- coined word enthalpy
Daniel Bernoulli- Published book, Hydrodynamics which
detailed molecular collisions.
There is always more history out there, and this is just a
small (basic) part of it. Make sure to go research more!
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Additional Tips
● When making notes, slapping a textbook in your binder
and then not looking at Thermo again til the day of the
competition won’t do.
● Make sure you know how to solve AP Physics II level
Thermo problems; use Khan Academy for this.
● History is important. This is where you can get a
textbook for your binder. However, make sure you know
the general gist of what your textbook covers and how to
find information easily; there’s no Ctrl-F in the
non-digital world (as of yet)
● Don’t worry that much about the device testing portion.
There will be errors in the competition that you can’t
account for (every competition I’ve been to has run it
differently, and some incorrectly). It does no good to
worry about it, just prepare as well as you can.
● Good Luck!
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