Homework #3

Due 10/7/09

3.39

The heat needed to cool the body by T = 5 K is, expressed per unit mass of the body,
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The heat absorbed by evaporating perspiration is proportional to the mass of water evaporated.  Expressing the mass water evaporated per unit body mass as qp, we have,
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Solving for qp, we get,
qp = cT/Lv = 0.008 (kg/kg) = 8 g/kg
3.40

We normally think about extracting condensation from air by expanding it adiabatically.  This is only because the work of expansion must come from the internal energy of the air.  In this problem, we see that in an isothermal process, compression yields condensation, not expansion…

Prior to the compression, the air has a water mass of 
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where we have expressed the vapor pressure in terms of saturation (relative humidity) 

e = Ses(T).  

During compression, the mass of vapor will remain constant (initially), but this will drive up the partial pressure of water vapor, and hence the saturation
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Since we have S/Si = Vi/V, we infer a final saturation of Sf = Si(20/4) = 3.

This will be unstable to condensation, and the final saturation will be 1, with the remaining 2/3 of the vapor (0.13 g) having condensed out during the compression.  

3.45

On the Skew-T/lnp chart, find a surface temp of 25°C and trace it up the constant e line to 250 mb.  Note the isotherm it crosses at 250 mb.  Now move horizontally to the next e line, which is 2.5°C warmer in e.  Note the isotherm at this point.  The difference in isotherms is 7.5°C, indicating that dT/dTs = 7.5/2.5 = 3.  So we predict at 3°C change in temperature at 250 mb for a 1°C change in surface temperature, presuming the atmosphere continues to follow a moist adiabat.  

Another way to do this is to determine how much extra latent heat is absorbed by the surface when T increases from 25°C ( 26°C, and then assume the majority of this will have been converted to sensible heat by 250 mb.  The answer 2.9 K, meaning the total difference in temperature is ~4 °C at 250 mb.  Close.
3.60

A Carnot Cycle operating in reverse compresses air at high temperature, and then expands it at low temperature, such that heat is absorbed at low temperature, and expelled at high temperature.  In this case, net work is done by an external force on the engine, and for a perfect Carnot engine, no entropy is created such that Qin/Tin  = Qout/Tout = W/T.  That is, more heat is expelled on the outside than is absorbed on the inside, and the excess energy comes from the work done by some mechanical compressor (which usually gets its energy by a heat-expelling engine of its own).

1) From the above equation, we see that the work extracted from the house per engine cycle is, 

Qin = TinW/T

The heat extracted per unit time, Q’, is just the heat extracted per cycle times the number of cycles per second, R.  Q’ = QinR.  The power needed to run the engine is the work per cycle times the cycle rate  P = WR.  Thus we have

Q’ = TinP/T
But the rate at which heat is removed, Q’, has to equal the rate at which heat diffuses into the house

Q’ = KT = TinP/T
And solving for the power required to drive the Carnot engine, we have

P = KT2/Tin.

This is a strong function of the difference in temperature between the inside and outside of the house.

b)  For a change from Ti = 6°C to Tf = 9°C, we see an increase in the Power required of
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Which is equal to a (3/2)2 -1 = 125% increase in the power required of the engine.

3.61
We just integrate the heat added divided by the temperature.

ds = dq/T = cidT/T from -10°C to 0°C

                    +Lm/Tf   where Tf = 0°C 
                    +cldT/T from 0°C to 100°C

                    + Lv/Tv  where Tv = 100°C, also implying that p = 1013 mb

The latent heat of melting is 3.34x105 J/kg; the heat capacities of ice and water are 2106 J/(K kg) and 4218 J/(K kg), respectively, and the latent heat of vaporization at 100°C is 2.25x106 J/kg.  Integrating yields

s = ciln(273/263) + Lm/Tf  + clln(373/273) + Lv/Tv 
     = (79 + 1223 + 1316 + 6032) J/(K kg)

     = 8650 J/(K kg)
S = ms = 17.3 J/K
It was inappropriate to use a constant value of cl, when it is really a decreasing function of temperature.  But this is good enough for our purposes.
1.
Blood will boil where air pressure is equal to the vapor pressure at body temperature
a) Use this fact to determine the approximate altitude at which someone’s blood would boil (assuming your blood has a boiling point equal to that of pure water).  You can use the hypsometric equation or a table/graph to convert pressure to altitude.  

Tb = 98.6 °F = 37 °C

es(37 °C) =  p = 63 mb (from a more exact calculation than given in class)

z = ln(1013/63)*(R*T/(Mag))

   = 21 km
b) What would the volume of a helium balloon have to be to carry a 220 lb. payload (i.e. a person, some ropes, and balloon material) to this altitude?

mp = ma - mHe
      = V(a - He)
      = V(Ma – MHe)p/(R*T)

V = mpR*T/(pM) = 1,200 m3
This corresponds to a 13 m diameter (~40 ft) He balloon, assuming T = 220K at this lower stratospheric altitude.

_1316347397.unknown

_1316351517.unknown

_1316354362.unknown

_1316351502.unknown

_1316347386.unknown

