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GUJARAT TECHNOLOGICAL UNIVERSITY
DIPLOMA ENGINEERING - SEMESTER - V- EXAMINATION - SUMMER 2016

Subject Code: 3350505 Date:23/05/2016
Subject Name: CHEMICAL ENGINEERING THERMODYNAMICS
Time:02:30 PM TO 05:00 PM Total Marks: 70

Instructions:
1. Attempt all questions.
2. Make suitable assumptions wherever necessary.
3. Figures to the right indicate full marks.
4. Each question carry equal marks (14 marks)

Q1 Answer any seven out of ten. €Ml SlEURL Ulctoll wellol WU
Define Energy with unit.

Aol ofl cautvaul Yolle WA Avll.

Define Enthalpy with unit.

Wolllofl catvaul Yolle WA vl

Define Kinetic Energy with unit.

slaadls Wolsl ofl catvaul Yolle WA Al

Write statement of zeorth and first law of thermodynamic.
ArlstaaPs oll AAe el yaur [[Qam Aul.

Write equation of ideal gas law with their nomenclature.

el cllRfo] UMW AMoll UE A AV,

Write the VVan der Waals equation for real gas behavior.

Aad A olldflar Hesll Van der Waals of Y2 AVl

Define standard heat of combustion and standard heat of formation.
Standard heat of combustion e\ standard heat of formation o{l callu21l vl
Write equation of work done for an ideal gas in constant volume process.
e alz] M HAN s Yslal 12 work done of Yo AUl

Write value of Temperature and Pressure of triple point of water.

well st Ruct Wéze] dluHlel wal YA AV,

© O 0 6 N0 o £ U X A WWODN LR

&

10.  What is thermodynamic temperature scale?
Q0. Thermodynamic temperature scale 9| 8?
Q.2 (@) Explain phase rule.

ysl 2 () ¥ [ad dHesAl

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

(A) AR liquid water, liquid toluene (Mstcat) %8l doll vapor U equilibrium Hi
alal R Al yeldl 12 degree of freedom 230,

(b) A closed system executes adiabatic process due to which a change in internal
energy takes place. A work of 20 kJ is done by the system on surroundings
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during this process. Determine change of specific internal energy of the
system if system contains mass of 0.5 kg.

oltl ylaucll 212 Aslauddls yslal $3 8 U Widdls Gl HL ¥s12
ad B, wl ysla exxlautet 20 ki Bed sl Yol gl cldlaReuMl

ad B. %l yeudl 0.5 SlAl HA wRA Al change of specific internal energy

.

OR
A system contains 15 kg of a gas. During a process 9.5 kJ work is done on
the system and 39.5 kJ heat is rejected from the system. Find change of
specific internal energy of the system

As youcll 15 sl ay uvd 8. yslaw eHlauet 9.5 kI B2g st
yletdl GUR sl wA & W 39.5 kI B2l G FscltHl wA B Al

change of specific internal energy 20.
Explain PVT behavior of pure fluids.
il Yallgl M2 PVT s AMesal.
OR
Discuss limitations of first law of thermodynamics.
First law of thermodynamics o{l Halelll celdl.

Calculate standard heat of reaction at 25°C of the following reaction
Na,CO, ot Fe,O4 © - Na,0.Fe, 04 ot CO, (@) using following data
Standard heat of formation of Na,COs 5 = -1130.68 kJ/mol

Standard heat of formation of Fe,Os3 ) = -817.3 kJ/mol

Standard heat of formation of Na,O.Fe;05 ) = -1412.2 kJ/mol
Standard heat of formation of CO, (= -393.51 kJ/mol

25°C W Na,COs () + Fe,03 g > Na,0.Fe,05 (o + CO; g oll standard heat of

reaction 20t

Standard heat of formation of Na,COs () = -1130.68 kJ/mol
Standard heat of formation of Fe,O3 (5= -817.3 kl/mol
Standard heat of formation of Na,O.Fe,03 ) = -1412.2 k/mol
Standard heat of formation of CO; (g=-393.51 kJ/mol
OR
Calculate the change in enthalpy between reactants and products if both are at
25°C and if 9 mol of ethylene oxide is produced by following reaction
CoHs ) + %2 O, () 2 CoH40 (), using following data
Standard heat of formation of C,H, = 52.50 kJ/mol
Standard heat of formation of C,H,O = -52.63 kJ/mol

yslas wa oflue a2l change in enthalpy 21G0 %1 ¢ 25°C el 9 mol

ethylene oxide GcUetl UL, CoH4 () + %2 02 g = C2H40 (g
Standard heat of formation of C;H4 g = 52.50 kd/mol
Standard heat of formation of C;H40 (g = -52.63 kJ/mol
What is Clausius inequality?
Clausius inequality 3] 8?

OR

If a Carnot engine receives heat at 900 K and rejects heat at 500 K, what is its
thermal efficiency?

%\ Carnot engine 900 K 3 G¥{l AMA Aal 500 K A 55 &. A Aol
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thermal efficiency 20t ?

Explain thermodynamic equilibrium state.

Thermodynamic equilibrium state 1Hs1cll.
OR

Draw the neat sketch of turbine system and show boundary and state type of
system.

Turbine system ol 9 gl ERL, Aol Al sl wal yeuellsut

ysiz dull.
Derive equation for first law of thermodynamic for flow process.

First law of thermodynamic U2 flow process ¥Mastcll.
OR
Discuss heat pump with a neat diagram.

Heat pump ol 2ct269 uigcl €131 AHA A,

Explain effects of temperature on heat of reaction.

Heat of reaction UR cllulet ofl WU UM,
OR

Explain the importance of entropy in thermodynamics.

alstaa syl entropy of Heccl AL,

Write equation of polytropic process and show graph for various values of n.

Polytropic process of 2l AWl Wal n ofl YElael sl {2 aULg R
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

Hess’s law oll GUalol s3|, Benzoic acid crystals (C;HeO2) oll heat of

formation 25°C A o{lAe{l HElAl o0 Gulot 531 dLE0.

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;HsO, =-3226.95 kJ/mol

Explain Kelvin-Plank statement for second law of thermodynamics.

Second law of thermodynamics Hte Kelvin-Plank statement -stcll.
OR
Explain Clausius statement for second law of thermodynamics.
Second law of thermodynamics He Clausius statement AHstCll.
9 kg of air has volume 9.7 m*® when it is at temperature 35°C. If it is
compressed at constant pressure up to temperature 350°C, find heat transfer,

change in internal energy and work done.
Take R=0.287 kJ/kg K and Cv=0.718 kJ/kg K

9kg A of 5€ 9.7m* O »AUR o AlUMlel 35°C B. % Aol UM £
350°C zj&ﬂaouqcum wlA cl heat transfer, change in internal energy and
work done 20tl. R=0.287 ki/kg K ol Cv=0.718 ki/kg K cl.
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Q.5 (@) For an ideal gas, derive equation of work done for constant temperature 04
process.

Y. U (W) Ideal gas l-llé, constant temperature process HL2 work done cllRAl. (o)1

(b)  What is the change in entropy when 1 mol of an ideal gas at 335 K and 10 bar 04
is expanded irreversibly to 300 K and 1 bar?
Take Cp = 29.3 J/mol K, R=8.314 J/mol K

(o) 8l 1 mol e cll3] 335 K ol 10 bar &l 300 K and 1 bar Yl irreversibly 0%
expand &l cll change in entropy 20€ll?
Cp = 29.3 J/mol K 34l R=8.314 J/mol K AL

(c) Prove Cp - Cv =R for an ideal gas from the definition of enthalpy. 03
(5) Enthalpy oll caltvau GuRel Ideal gas H2 Cp - Cv =R IRl 03
(d) Define extensive properties with examples. 03
(S) Extensive properties ol cautull GELEWL U8l AW 03
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