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McKee problem # 2

February 28, 2011

The key thing to notice is that the wind from the chinook is fast so it does not
exchange heat with its surrounding. This means that the process is adiabatic [5 pts.].
Also, we are told that the air molecules are diatomic, which means d = 5 [1 pt.] and
vy = ‘%2 = % [1 pt.]. Finally, since we are told the wind is strong it is safe to assume
that the chinook entirely displaces the air originally in Denver.

Using the ideal gas law PV = NET [1 pt.], we can rewrite the adiabatic equation

in terms of P and T

Plvl’Y:P2V2’Y
NET, NEkT,

P oy
- 1( Py ) 2( Py )

=| P = P, Ty (0.1)

Fully solving for this equation, or using any other method to find an expression
for T' from the adiabatic equation, gave you [5 pts.]. Partial credit was given to
students who had the right idea but did not quite get to the final equation.

Plugging in the given values, we find 75 = 287K = 14°C so [2 pts.].

Common mistakes: (i) Assuming that this is a constant volume process, and solv-
ing for the temperature from the ideal gas law: P,/Ty = P5/T5. In fact, volume is
changing as can easily be seen from the adiabatic equation PV = const.

(ii) Using the calorimetry equation AQ = CyAT. This is incorrect (a) because there
is no heat flow, @) = 0, and (b) because this equation can only be used in constant vol-
ume processes, while the volume of the wind is changing since the process is adiabatic.

(iii) Integrating to find the work in an adiabatic process and using the first law to try
to solve for T'. It is true that for an adiabatic process (@ = 0), the first law gives

AEjm=Q—W =—W. (0.2)



However, trying to use this to solve for T results in a tautology:

AEint =-W
Va
\%t
Vo
= —Pl‘/l'y d—v
1% V’Y
Py
= —71_11 (V7 =)
1

= gNk(Tg —T)). (0.3)

(In the third line we substituted the adiabatic equation, and in the final line we used
the ideal gas law.) Trying to solve this for 7" is like trying to solve for T" from the
equation 1 = 1.

Note: Instead of starting from the adiabatic equation, some students started going
through the steps needed to derive it. The correct argument goes like this: starting
from the first law in infinitesimal form with @) = 0,

gdeT: —PdV
d
=5d(PV) = —PdV
:>£inP = — (g + 1) PdV
2 2
_dAP __ (d42\aV
P d 1%
/Pz d_P _ Va d_v
P P Vi V

=lnP—In P =—yInVo+~In V;
=P Pyt =V
= Pl‘/lry = PQ‘/;. (04)

Of course you didn’t need to derive the equation to use it.
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Problem 4

Givens: Refrigerator with T,=-17°C, Ty = 25°C,

m = 0.4 kg, ci.e.= 0.5 cal g' K, Ly=333 kJ kg

Cumer = 4186 T kg K!

1, 4.185.J ,1000g J
—(0.554 =2092 2
Cree=I gK)( > ) ' ) oK

QL:mcwaterAT1+MLf+mciceATZ

0,=(0.4)(4186)(25)+(0.4)(333000)+(0.4)(2092)(17)=1.89%10° J

T 273—17
Carnot Refrigerator; COP=——= ( ) =6.095

T.—T, (273+25)—(273—-17)

0,

— _ 5 _ 4
—COP—1.89*10 16.095 = 3.11%10°J

corP==Lt - w

SIKS

Common mistakes:

saying that Q is W and ignoring COP.

— using the COP for a heat pump instead of a refrigerator

(1 pt)

(6 pts)

(5 pts)

(3 pts)

— using AE = Q — W, which applies to the working substance of the refrigerator, not the

water

— unit conversion errors
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