3.1 Heat Engines, Heat Pumps - The Carnot cycle
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Table 3.1 Illustration of Carnot cycle calculations for an ideal gas.

ep Type Q W
. Y . Vi |
a—b |isotherm C_QH = nRTHIn\Ta>O (ig) —(_QH = —nRTHIn\-;;<O (ig)
b—c |adiabat 0 AU =nCy(Tc—Ty) <0 (*ig)
| Vg . Vy |
c—d |isotherm C_QC = nRTCIn\TC<O (ig) —(_QC = —nRTCIn\TC>O (ig)
d—>a |adiabat 0 AU =nCy(Ty—Te) >0 (*ig)




Carnot Heat Pump



3.2 Distillation Columns
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Constant Molar Overflow



3.3 Introduction to Mixture Properties

the energy of mixing is

AU = U= xU. 3.20

The enthalpy of mixing is

AH . = H=D xH. 321

The volume of mixing is the volume of the mixture relative to the volumes of the
components before mixing.
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U = inui +AU

H = 2 x.H. +AH
i

V = invi +AV
|

3.4 |dea Gas Mixtures
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i Z”iU:g+RTZ”i _ Z”i(U:gJ’RT) = > nH (ig) 3.28
| | | |
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g = g = ig -
Aurrgi’ix_O AVrr?ix_O AHrrgi]ix_O 3.30

3.5 Ideal Solutions



Example 3.3 Condensation of mixed vapor stream

T, - . _AHV= I CYdT
AHL = j' CheT AH VAP To

20
20°C T,



Reacting Systems

V; 1 -1 1 3

vj IS stoichiometric number
v;| is stoichiometric coefficient
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Extent of reaction can be negative
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Multiple Reactions
CH;0H < CO + 2H,

2CH,OH «> CH,OCH, + H,0
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Heat of reaction
CH, + H,O = CO + 3H,

0

—AH{ ch —AR H,0
T4 0 0
AH{co | BAHPy

Enthal py
of formation

C + 3H, + %02
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Specified Temperature (usually 298.15K) becomes
reference state,

AHR=SVHR | = SVAHR, = 3.45
0] 0]
> Vi|AHgr = Y |vi|AHR
products reactants
AH7>0  Endothermic
AR $ <0 Exothermic
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;
AH® = AHQ+ [ ACHdT
T

R

ACp = Yva +(Tub)T+(Tuie)T +(Tud) T’

AH? = AH§+Aa(T—TR)+A?b(T2 —T£)+%(T3—T§)+%(T4 -T2)

_ 3+ AaT + 2072 ACqa Ad
2 3 4
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Energy Balances - Heat of Reaction Method
O — Hlnnln_ HOUtnOUt + 9 + \_/'VS

in = H = small
small
oH P (d
= n-(H-" + (1 (—) dT + ( dP) +QA/H -
com%nents A ITR JT P°, i JPO P T, | i
T
Components R
1 t " "
2. (n:n—niou)Hi(?R =< X ViHER = —£AHR
Components Components
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: in out
0=y [ CodT— ¥ nM[ CpidT
R R

components components

+ Q+Ws—EAHR 3.51

for agiven &, T, find

a)

o)
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Energy Balances - Heat of Formation Method
0 = I_Iinﬁin_ Houtnout + Q + WS
where all enthalpies based on elements at 298.15 K

H™" =y n:”(AA?Ri+jI CPdT)
components R
and
out .out _ out o) Tou
H n = Y n AHfR,i+jT CodT
components R

Better if stoichiometry not known
or many reactions.
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Adiabatic Reactors (Heat of Reaction Method)

: In out .
5 n:”jIRCP,idT— 5 ni"“thR Cp T —EAHR,

components components
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