Problem 6.15
Air comes in at 50% relative humidity and is cooled isobarically at 1 atm from 90oC to 25 oC

a) Estimate T(dew point).

The temperature at which a vapor becomes saturated is the dew point.  In this case, it is when relative humidity = 100%

r.h = yiP/Pi*
Need to get yi first.

What haven’t we used yet?  The 50% relative humidity and T = 90oC.  Let’s use those.

0.5 = yi (1 atm)/(Pi* at 90 oC)

From the vapor pressure table, Pi* at 90oC = 525.76 mmHg = 0.69 atm

Solve for yi = 0.346 moles of water in the vapor/total moles in the vapor
(or unitless)

The yi stays the same as we drop temperature (lowering Pi* and increasing r.h) until it starts to rain.  Then the mole fraction would change.
Find Pi* for r.h. = 1.0

Pi* = 0.346 atm = 262.96 mmHg
What temperature does this occur at? From App B3 = 72.8-ish oC
b) We did a lot:
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Find F2 (moles)
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Streams leaving a condenser are in equilibrium

Let's find y3.w
Pw* = 23756 mmHg = 0.031 atm
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Y3,air = 1-0.031 = 0.969

Y3,air = F3,air/F3,total

F3,total = F3,air/ 0.969

And then we solve it all…See Excel

