E xercige 2.

Problem 1

How are Internal energy (U), Enthalpy (H), Entropy (S), Helmholtz energy (A) and Gibbs energy (G) defined?
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Problem 2

What is the 1% law of thermodynamic (TD) expression of?
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Problem 3

What is the 2" law of thermodynamic (TD) expression of?
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Create your own table of the TD energy functions U, H, A, G (TD potentials and the relationships between
them and between their derivatives and T,p,V). Also include the U and H in non-canonical variables U(T,V)
and H(T,p) and Maxwell relations. Please show the derivation work of each relations and fill in Table 1.

Problem 4

Apply:
e 1%|aw, 2" law, the combined 1% and 2" law (Gibbs relations)
o Definition of total differential as for a function z(x,y):
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e The independency of the order of derivation as for a function z(x,y):
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TD  functions [1st law of TD |Combined 1st&2nd law of | Total differential (canonic | Introducing total differential of | Total differential | Maxwell relations
canonic and derived [ TD and | var.) entropy dS(T,V) or dS(T,p) in measurable variables | from Gibbs Equations
variables relations derived relations Gibbs (T,V) or (T,p)
and definitions equations
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Table 1: Thermodynamic functions and its derived property relations
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Problem 5
Derive “useful” relations for U(T,V) and H(T,p) by introducing the definitions of heat capacities Cv and Cp.
Problem 6

Simplify the relations (from Problem 5) assuming ideal gas.
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10 mol of an ideal gas with Cy; = 20.8 J/mol.K at T =
insulated vessel as shown in Figure 1. The other half is evacuated. At time t = 0, a 1 kW electrical heating

element is turned on. After 30 s, the partition dividing the vessel ruptures and the heating element is

turned off. Calculate
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300 K and P, = 0.3 MPa occupy the left half of an

(a) The final temperature Tr and pressure Py of the gas in the vessel
i i

(b) The entropy change of the gas during the process

B) AU gwenGAT
gaw = 1 Cv 'Uf‘—TfJ) , W=0 (mo work o{ow>

LI

niv

304: 10004/

'F“ To* " A00K + 1wt - 208 Fhak

g -44948K

nk= CO”S‘IDV‘JI, nsing 1l b Jow
BB
S A

Po' T{ s Qﬁ_l"lp}ﬂﬂ
230K

= B- 27

FF=0222 MR,

= O,m M?O\

"O, Some Calculﬁﬁuw ()

o AU

Figure 2: Schematic of process for Problem?7
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Problem 8

An inventor is proposing a ‘black box’ for producing electrical power that operates on a stream of
compressed air at P; = 4 bar, T;=300 K. The input stream is split into two equal flows of P,=P;=1 bar at
T,=280 K and T3=260 K, respectively. The claim is made that power is produced at a steady state rate of
W=3.4 ki/mol of air flowing through the device. Assuming that unlimited heat exchange with the
environment at T,,,,= 300 K is allowed, you are asked to provide an analysis of the thermodynamic
feasibility of such a device (proving that entropy changes for the system is non-zero). Assume that air can
be approximated as an ideal gas with Cp=29.1 J/mol.K, independent of temperature.

Tenv =300 K
P2 =1 bar
—
T2=280K
Pi=4bar | i
T1=300K Black Box Device
P3 =1 bar
—_—
T3 =260 K
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Figure 3: Schematic of process Problem 8
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Problem 9

1. Show how you derive the relations for entropy in terms of heat capacities below. You may derive

from first law energy balances, total differentials for state functions, relations for heat capacities
that links dS.
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