3.020 Lecture 12

Prof. Rafael Jaramillo



1 Integrating the C-C equation for vaporiza-
tion of a condensed phase
AP AH . :
9T TAV +— in general, functions of T and p
Approximations
1. AH ~const. 2. V9> V* V' 3 V9=RT/P
b _ Al separable !
dT ~ TRT/P °°P ‘
AP _ AHAT
P T T2
AH 1 1
In(P/Py) = = (= — —
n(P/Po) = — (7 To)
p— POeAH/RTOefAh/RT
Psap = Ce T 0 = PpeFT - By = Por(T)
2 Dew point and relative humidity

Air always has some water in it

Relative humidity (RH) = Water vapor pressure

normalized to its saturation vapor pressure

RH = Py,0/Psar

Dew point = temperature at which water at its current vapor pressure
will condense

Psar(Tpp) = Pu,o

When raining, water is in 2 phases, and Py,0 = Psar

= 100% RH, Tpp =T

Otherwise, PHQO < PSAT, R.H. < 100%, Tpp <T




3 The Cloud Chamber Problem

e Cloud chamber initially at 298K (77°F) and 1 atm
filled with air at dew point 288K (59°F)

e Expands quickly (read: adiabatically) by AV/V;

= AV/V; needed to achieve saturation
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(1) Write expression for water vapor pressure as f'n of AV/V;

e initial v.p. Pp,o; = Psar(dewpoint) = Psar(288K) = 1863 Pa
e system initially at Pror; = 1 atm = 101,325 Pa

e Pu,0 = ProrXm,o (mole fraction), by Dalton’s law of partial pres-
sures (next lecture)

e for adiabatic process Py = R(g)_7 =P(1+8Y)™

e applying Dalton’s law

AV

Pu,0 = Xm0 Pror; (1+ v )7

X0 = 0.0184

(2) Write expression for temperature as f'n of AV/V;
e for adiabatic process
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(3) Solve for saturation condition

Pr,0 = Psar

AV AV

Pu,0 = Xn,0 Pror (1+ v )7, Poar=Ce PT T = ﬂ(1+7)_7+1
e Parametric in %

e Solve numerically or graphically
e For 7, use value for ideal diatomic gas

— applies to Ny and O,, main components of air
— Cp/Cy ~ 1.4 — 1.7 for air
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