Lecture 3

Temperature, Thermal expansion, and

Heat
(NJIT Physics, Chapter 10)
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Last Lecture: Bernoulli's Equation

Water flows smoothly through the pipe shown in the figure, descending
in the process. Rank the four numbered sections of pipe according to (a)
the volume flow rate R,, through them, (b) the flow speed v through
them, and (c) the water pressure p within them, greatest first.

Av = Aw, (equation of continuity).

4

pHipvt+ pgy=a constant  (Bernoullis equation)
Ry= Av=a constant  (volume flow rate, equation of contmuty),
a) all tie;
b) 1, then 2 and 3 tie, 4 (wider means slower);
c) (c)4,3,2,1 (wider and lower mean more pressure)
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What is Temperature anyway ?
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Temperature in C and F

TABLE 19-1 Some Corresponding Temperatures

Temperature = “F
BEoiling point of water? 100 212
Mormal body temperature 370 986
Lccepter comfort lewvel 20 e
Freezng point of water® 0 32
Zero of Fahrenhett scale o138 0
srales cotcide 410 -40

TF = %Tﬂl + 32':': pl;?;ﬁlzfgi"?&lﬁli éo.m"c 3200 [::I-:. l:j = BE-IQ.F

water |

T,=T-27315 | [ | 5C°=9F

Absolute [ d S o
s O/ 1-973.15°C 2 -459.67°F
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Zero't" law of Thermodynamics

If bodies A and B are each in
thermal equilibrium with a
third body T, then they are in
thermal equilibrium with each
other

High Temperature Low Temperature Thermal Equilibrium

I\ w““ e e N H{'
;ih\‘.\“f’f
/ O -ﬁ‘t iy !

Net heat transfer has ceased

2012 Andrei Sirenko, NJIT 6




Temperature difference determines
the Heat transfer process

What is the direction for the heat
transfer Between a,b,c,d?

25°C 15°C 10°C -5.0°C =10°C
7 b ¢ ol
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Temperature difference determines
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Zero't" law of Thermodynamics

If bodies A and B are each in
thermal equilibrium with a
third body T, then they are in
thermal equilibrium with each
other

High Ternperature Low Temperature Thermal Equmhrium
—
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Met heat transfer has ceased
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Pressure, Temperature, and
Speed of molecules

N v, = 3RT
b M

MmN, 1s the molar mass M

£

Root-mean-square speed

Some Molecular Speeds at Room Temperature (T = 300 K)*

Ko =ime T

avg avg Gas Bolar Mass (107 kgfuol) Vi (105)
Hydrogen (L) 2.02 1920
1 3 Helivm (He) 40 1370
K = — mV2 = — k T Water vapor (,0) 180 645
avg avg B
2 2 Hitrogen (V) 280 517
Cnygen (Cy) 320 483
kB - BOltzman ConSta’nt Carbon diomde (C0,) 44.0 412
Sulfr diosids (SC1) 541 342

Boltzmann constant = 1.3806503 x 1022 m2 kg s2 K"

%For convenence, we oflen sel toom tenperature = 300 K even though (st 27°C or 81°F) that represents a fairly watm room.
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The Distribution of Molecular Speeds
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Some Molecular Speeds at Room Temperature (7= 300 K)?
4.0 (Gas Molar Mass (10~ kgfmol) Vi (3)
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Linear thermal expansion
Brass
AN

Steel
T=T,
(a)

T>T,

Al = La AT (h)

Some Coefficients of Linear Expansion®

Substance e (10807 Substance e (10807
Tee {at 0°C) a1l Zteel 11
Lead 29 Glass (ordinary) 9
Aluminm 23 Glass (Pyrex) 32
Erass 13 Diamend 12
Copper 17 Tnvar? 0.7
Concrete 12 Fused quartz 0.5

“Room temperature values except for the listing for ive.

5This lloy was designed to have alow coefficient of expansion. The word is a shortened form of
“invatiable.”




2D and 3D expansion
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(d)
AV =F AT,
=3
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Thermal expansion (continued)

Why days are longer
During the Summer time?

Linear expansion Area expansion Volume expansion
AL _ gAT AA _2oAT AV _30AT
0 AU Vﬂ
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Thermal expansion (atomic model)

U . . :
Thermal expansion properties are determined
by forces acting on atoms when they are

displaced from the equilibrium positions

Ry R
4+

L]Q I -

@u&@m«.@x&t@ ® -
OO
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Thermal expansion

The coefficient of expansion of a certain steelis 0.000012 per C°. The coefficient of vohmme
expansion, in (C*}_1= is:

© A, (0.000012)°

T B. (47/3)(0.000012)°

.3 =0.000012

T D. 0.000012

" E. depends on the shape of the volume to which it will be applied

What is the ocean level increase due to +1 C* global warming ?
Water linear expansion coefficient is ~69e-6/C° at 20 C-.
Average ocean depth is 4 km
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Properties of Water (H,0O)

Air

negative thermal expansion of water
between 0 and 4 C

Freezes at 0 C, boils at 100 C

negative thermal expansion
in ZrwW,0q4

2012 Andrei Sirenko, NJIT

The Triple Point of Water

A triple-point cell, in which

Gas ' solid ice, liquid water, and
gﬁ‘l':“““ﬁ‘“' —\ fl L water vapor coexist in thermal
Vapor | *{ L () equilibrium. By international
B | agreement, the temperature of

this mixture has been defined
to be 273.16 K. The bulb of a
constant-volume gas
thermometer is shown inserted
into the well of the cell.

2012 Andrei Sirenko, NJIT 18




Thermal Expansion: QZ#2

When is the Empire State building taller?

On Mondays

During rush hour

On a sunny Summer day
During Moon eclipse
Valentines Day

moow>»

Metal pipes, used to carry water, sometimes burst in the winter because:
" A. metal contracts more than water

" B. outside of the pipe contracts more than the nside
" C. metal becomes brittle when cold

" D. ice expands when it melts

" E. water expands when it freezes
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