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heat capacity at constant volume (Cv) and constant pressure (Cp) for the ideal

gas. (5%)

{b) 5 mole of ideal gas is at 5 bar pressure and 100°C. The value C./C, of this

() Please derive C,-C, = (5%} and show the relation between

gas is 1.3, The gas is allowed to expand reversibly and adiabatically to a pressure
of 0.5 bar (The gas constant R = 83.14 bar e’ /K mol = 8.314 J/ K mol). What
are the initial and final volumes of the gas 7 (5%)

() from (b), what is the final temperature ? (5%)

(d) from (b), please caleulate AL and AH for the expansion process. (5%)

2. Please explain the first, second and third laws of thermodynamics. (15%)

3. Consider the Brayton cycle that consists of the following steps: (1) isobaric
compression; (2) reversible adiabatic compression; (3)isobaric expansion; and (4)
reversible adiabatic expansion.

{a) Please draw the P-V plot to describe the Brayton cycle. (5%)

(h) Please express its maximum thermodynamic efficiency by the pressure (P)
and heat capacity (Cy, Cp). (10%) '

4. Consider the following reaction: 4 NHsg + 5 Oug > 4 NO(g) + 6 Haby,
Ammonia gas enters the reactor of a nitric acid plant mixed with 30% more dry
air than is required for the complete conversion of the ammonia to nitric oxide
and water vapor. If the gas enter the reactor at 75°C, if conversion is 80%, if no
side reaction occur. And if the reactor operates adiabatically, what is the
temperature of the gases leaving the reactor? Assume ideal gases, (25%)

Heat Capacities of Gases in the Ideal-Gas State

Constants 11 eguilion ['j,”HE = A+ BT+ CTY DT 7 (kelving) from 298 t0 T

Chemical species Tiwn Uy /R A ' s e 1wt n
Air 2000 1509 3355 G578 rreses L]
Ammonia NH; L KOO 4,269 578 A0 e ~0.186
Bromine Bra 3000 A3 4491 0058 0 e ~0.154
Carbon monoxide co 25008 1.507 1376 0557 e 0,031
Curhon dioxide Tt 006 4,467 5457 (B0 - St L 1157
Curbon disulfide C83 L a0 5512 BAEL 0BOS e —0).9006
Chlorine Cla E[1t AOR2 4442 DOWY e 0. 344
Hydrogen Ha 000 1468 3248 D422 e 0,083
Hydrogen sullfide Hs5 2300 4.114 3931 1490 v —{1.232
Hydrogen chloride HCL 2060 1512 31560 623 acoeen 0151
Hydregen cyanide HCM 2500 1326 4736 t.359 i -0.725
Mitrogen M it A502 %0 0593 e 0Lk
Mitrous onide MNat) 2000 4.646 5328 L2 e ~0) 24
Mune eaide MO 20) 1590 1387 0629 ek 0014
Nitrogen dioxide N3 2000 4447 4081 L1495 coeeds =792
Dinitrogen tetroxide N=ly 200 olos  lLGeD 2357 el —2.787
Onypen s LT 1515 lalg 01,50 S —0,227
Sulfur dinxide 503 2000 4796 5699 OROL .- ~ 113
Sulfur riaxide 5(H 2000 6,094 T R B SRR —2A2H
Waler H=0 2000 4.038 3470 1.450 peana A2
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0.4253 q.um?]

5. Consider the equation of state: Z =1+ —g’-[ﬂ. 1620 —- T T

Please fine the fugacity coefficient { ¢ ) at 50°C and 68.95 bar (=771 bar, T =
144°C). (20%)
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