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GUJARAT TECHNOLOGICAL UNIVERSITY
Diploma Engineering - SEMESTER-V ¢ Examination — WINTER ¢ 2014

Subject Code: 3350505 Date: 06-12-2014
Subject Name: Chemical Engineering Thermodynamics
Time: 10:30 am - 01:00 pm Total Marks: 70

Instructions:
1. Attempt all questions.
2. Make suitable assumptions wherever necessary.
3. Figures to the right indicate full marks.
4. English version is considered to be Authentic.

Q.1 Answer any seven out of ten. 14

Define extensive properties of thermodynamic system with example.
Define state and path function with one example each.

Write statement of zeroth and first law of thermodynamics.

Define flow work and specific volume.

Define standard heat of combustion and standard heat of formation.
What is the value of process index (n) in the equation PV"=constant for
isothermal process and isobaric process?

Write equation of work done for an ideal gas in adiabatic process.
Write the Van der Waals equation for real gas behavior.

Define heat source and heat sink.

What is compressibility factor?
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Q.2 (a) Explain reversible process. 03
OR

(@) Calculate the degree of freedom for a system of liquid water, liquid toluene 03
(immiscible) in equilibrium with its vapors.

(b) A closed system executes adiabatic process due to which a change in internal 03
energy takes place. A work of 15 kJ is done by the system on surroundings
during this process. Determine change of specific internal energy of the system
if system contains mass of 0.5 kg.

OR

(b) A system contains 20 kg of a gas. During a process 25 kJ work is done on the 03
system and 40 kJ heat is rejected from the system. Find change of specific
internal energy of the system

(c) Prove Cp—Cv =R for an ideal gas from the definition of enthalpy. 04
OR

(c) Explain PVT behavior of pure fluid. 04

(d) Calculate standard heat of reaction at 25°C of the following reaction 04

Na,COs3 (5 + Fe,03 ) 2 Na,O.Fe;03 (5 + CO; (g, using following data
Standard heat of formation of Na,COs () = -1130.68 kJ/mol
Standard heat of formation of Fe,O3 () = -817.3 kJ/mol
Standard heat of formation of Na,0O.Fe,05 ) = -1412.2 kJ/mol
Standard heat of formation of CO, (= -393.51 kJ/mol
OR
(d) Calculate the change in enthalpy between reactants and products if both are at 04
25°C and if 5 mol of ethylene oxide is produced by following reaction.
CoHs (g + % O, () 2 CoH40 (), using following data
Standard heat of formation of C,H, = 52.50 kJ/mol
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Standard heat of formation of C;H,O (g = -52.63 kJ/mol

What is Clausius inequality?
OR
If an engine receives 10000 kJ heat and rejects 6000 kJ heat, what is its
thermal efficiency?
Draw the neat sketch of turbine system and show boundary and state type of
system.
OR
If a system expands from 500 lit to 1500 lit volume at constant pressure of
9 x 10° N/m?, find boundary work during the process.
Explain temperature scale with the help of zeroth law of thermodynamics.
OR
Derive equation for first law of thermodynamic for flow process.
Explain the importance of entropy in thermodynamics.
OR
Explain Carnot cycle.

Explain Hess’s law of constant heat summation.
OR
Using Hess’s law, calculate heat of formation of Benzoic acid crystals
(C/Hs0,) at 25°C using following data:
Standard heat of formation of CO, (g) = -393.51 kJ/mol
Standard heat of formation of H,O (l) = -285.83 kJ/mol
Standard heat of combustion of C;HsO, =-3226.95 kJ/mol
Write a note on thermodynamic temperature scale.
OR
Explain Kelvin-Plank statement for second law of thermodynamics.
A gas is enclosed in a closed vessel of volume 0.4 m® has absolute pressure 3
bar and temperature 40 °C. If it is compressed at constant volume upto 6 bar,
find its mass and change in internal energy.
Take Cv=0.72 kJ/kg K and R = 0.29 kJ/kg K

For an ideal gas, derive PV for adiabatic process.

What is the change in entropy when 2 kg of an ideal gas at 277 K is heated at
constant volume to a temperature of 368 K? Take Cv = 1.42 kJ/kg K

Explain heat pump with schematic diagram.

Write the limitations of first law of thermodynamics with example.
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Aad A olldclar 12o{l Van der Waals of Y2t AVl
vl AW heat source Aol heat sink.
Compressibility factor 9] &7?

Reversible process 4H1cl.

w Ul
%22 liquid water, liquid toluene (R{silcal) ol dAMell vapors % equilibrium
Hi 8lA R AL yeuel M2 degree of freedom OLRL.
oltl ylauell »2u? ASladdls ysglal 52 8 IR widdls Gl ML 312
aa 8. Al yslaw exxlauet 15 kI B2q st youel sl cldiaReHl
ad B. %l yeldl 0.5 SlAl WA URA Al change of specific internal energy
0.

wal
As youcdl 20 Sl ay wrid B, yslaw exlaet 25 ki wed st
YUl GuR saldl wA 8 ol 40 kI Bl Gl scdl wa B Al
change of specific internal energy 20&.
Enthalpy o{l catvaut GuRel Ideal gas Hte Cp — Cv =R cllRdl.

AUl
gt Yalél M2 PVT acdys Axestall.
25°C A NayCOs (g + Fey0s ¢ > Na0.Fe;05 (g + CO; (g o{l standard heat of

reaction Q0.

Standard heat of formation of Na,COs () = -1130.68 kJ/mol
Standard heat of formation of Fe,O3 = -817.3 kd/mol
Standard heat of formation of Na,O.Fe;03 () = -1412.2 kJ/mol
Standard heat of formation of CO, (= -393.51 kJ/mol

vl
yslas wal oflux sl change in enthalpy L1 %1 i 25°C sl 5 mol

ethylene oxide GcUel UL, CoH4 (g + %2 Oz (g = C2H40 (g

Standard heat of formation of C;H4 g = 52.50 kd/mol
Standard heat of formation of C,H,O (g = -52.63 kJ/mol

Clausius inequality 3] 8?

AUl
%l A engine 10000 kJ AW GBHL AAQA W 6000 kI A ¥5 8. Al Aell
thermal efficiency 20tdl ?
Turbine system ofl ey gl €RL, Aol Al sl ua yeudlel
YUslx AU,

Al
% 518 ReH of 5€ 500 lit &l 1500 lit AUUN £6URL 9 x 10° N/m?
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lrctel &2 B Al Aef yslaul €12Ulet boundary work 20
arlstaails oAl ol Hee @l temperature scale UM

A UL
First law of thermodynamic (e flow process AHsLcl.
arlstaa{lsuul entropy of Heccl UM

w2l
Carnot cycle dHestall.

Hess’s law of constant heat summation {H%1cll.

Al

Hess’s law ol GU2dL $3|, Benzoic acid crystals (C;HsO,) oll heat of

formation 25°C A o{lAe{l HElAl oA GuiotL 531 a3l

Standard heat of formation of CO, (g) = -393.51 kJ/mol
Standard heat of formation of H,O (I) = -285.83 kJ/mol
Standard heat of combustion of C;HgO, =-3226.95 ki/mol

Thermodynamic temperature scale UR &§ olltl GAW,
uaal
Second law of thermodynamics Hle Kelvin-Plank statement st

As ol oAofl WL As Al of € 0.4 m® Vol AAR[2 EWIRL 3 bar
WA AlUHLel 40 °C B. 2l Aol WAN $¢ 6 bar YUl eottctatdl A A,

o mass ol change in internal energy 20t
Cv=0.72 ki/kg K 4ol R =0.29 ki/kg K cl.

Ideal gas (2, adiabatic process Hl& PV' = constant cltcll.

% 2 kg AL cly 227 K &l 368 K Yl AN 58 2RU scllHl wA Al

change in entropy 20tll? Cv = 1.42 kd/kg K cAl.
Heat pump 4lgcll sl A,
First law of thermodynamics o{l HaAlElRA GELEQL U8l AL

*kkkhkkhhkkikik

4/4

(0} 1

(0} 1
(0} 1

(0} 1

03

03

(0} 1

(0} 1
09

0¥
0¥

03
03



