Seat No.: Enrolment No.

GUJARAT TECHNOLOGICAL UNIVERSITY
DIPLOMA ENGINEERING - SEMESTER -V EXAMINATION — WINTER - 2017

Subject Code: 3350505 Date: 14-11-2017
Subject Name: Chemical Engineering Thermodynamics
Time: 10:30 am to 01:00 pm Total Marks: 70

Instructions:

Attempt all questions.

Make Suitable assumptions wherever necessary.

Figures to the right indicate full marks.

Use of programmable & Communication aids are strictly prohibited.
Use of only simple calculator is permitted in Mathematics.

English version is authentic.
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Q1 Answer any seven out of ten. €2HIl SlEURL Ulclotl ellol L.
Define heat capacity and give its unit.

ale 30| oll cautval Asu WA AW

Write statement of zeroth and first law of thermodynamics.
AHLSLAARsUA AU el YU HotAH AV,

Write value of Temperature and Pressure of triple point of water.
Rl oll Jlucd WeSoe of cdAlUMlot Wl YA AW,

Define state and path function with one example each.

State Aol path function ofl callvul W5 GELSL U AU
Differentiate between Work and Energy.

Work and Energy ol dgtctcl 2.

Write equation of work done for an ideal gas in adiabatic process.
Adiabatic process HU ALE 2Ll HIE 5121 of Y AW

Write the any two virial equations for real gas behavior.

Aad A olldcflaR 1R 818 url A ([QRUA Yt Avl.

Give Kelvin-Plank statement for second law of thermodynamics.
Second law of thermodynamics Hl&Kelvin-Plank statement 41U\
Define Constant Pressure process

Constant Pressure process cAlvAlRd 53\

10. What is compressibility factor?

0.  Compressibility factor 9 &2

© N ®Ge N DLUXPW®WAON o

Q

Q.2 @ Explain phase rule.
Us.? (W) 50 3 UMl

OR
@ Explain Hess’s law of constant heat summation.

()  Hess’s law of constant heat summation RIL N

(b) A system contains 10 kg of a gas. During a process 15 kJ work is done on the
system and 35 kJ heat is rejected from the system. Find change of specific
internal energy of the system.
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()  Asyeucl 10 Sldl crzyg wRgAd yslaw exlauetls ki Baq st el 03
GUR scllHL ALA B e 35kJ Al Gl ¥scllHL MAD Al change of

Specific internal energy 20 .
OR
(b) A closed system executes adiabatic process due to which a change in interigg

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.

(@)  As iyl ASlAls yslal 53 B U AiARS GuHL HL $$12 Al 03
8 . ysla exlauet 20 k) Baq st Ul iR cldiaReuMi L d .

BlyRUALO . SSIAL HIA YA Al change of specific internal energy 2.

(©) What is the change in entropy when 2 kg of an ideal gas at 277 K is heated at 04
constant volume to a temperature of 368 K? Take Cv = 1.42 kJ/kg K

(5)  l2kgaed clay 227 K &l 368 K Yol HAN 58 21U sclcllMl 0¥
LAl change in entropy 20tl. Cv = 1.42 ki/kg K cl.

(d) If a system expands from 500 lit to 1500 lit volume at constant pressure of 9 04
x 10° N/m?, find boundary work during the process.

(5) %88 HARH ot € 500 lit &l 1500 lit WAN €L QL9 x 10° N/m? 0¥
lrectret U A D Al Aot yslal €124 ol boundary work 20t

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

Na2COs 5) + Fe203 s) ~ Naz20.Fe203 () + CO2 (), using following data
Standard heat of formation of Na2COs3 (s) = -1130.68 kJ/mol

Standard heat of formation of Fe2O3 (5) = -817.3 kJ/mol

Standard heat of formation of Na2O.Fe203 ) = -1412.2 ki/mol
Standard heat of formation of CO2 ()= -393.51 kJ/mol

(S)  25°C A NaCOs (s + Fe203(5) * Na2O.Fe;03( + CO2 (g oll standard heatof 0%

reaction 20l

Standard heat of formation of Na2COz3 (s) = -1130.68 kJ/mol
Standard heat of formation of Fe2O3 (5) = -817.3 kJ/mol
Standard heat of formation of Na.O.Fe203 s) = -1412.2 ki/mol
Standard heat of formation of CO; = -393.51 kJ/mol

Q.3 (@) Explain Carnot cycle. 03

ysl.3 ()  Carnot cycle AHascl. 03

OR
@ If a Carnot engine receives heat at 600 K and rejects heat at 400 K, what is its 03
thermal efficiency?

() %l Carnot engine 600 K 3 G™HL ANA WA400 K A 55 B .l Aol thermal 03

efficiency 20 ?
(b) Explain Clausius statement for second law of thermodynamics. 03
(1)  Second law of thermodynamics Hl2Clausius statement ;-1 cll. 03
OR
(b) Write a note on thermodynamic temperature scale. 03
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Thermodynamic temperature scale U 2is olltd AWl
Draw the neat sketch of turbine system and show boundary and state type of
system.

Turbine system o{l 21269 25l €12, Aol ALt Al UAYRUALL

YUsIR AUl
OR
Explain open, closed system with reversible and irreversible process.

AHestal.. open system, closed system, reversible and irreversible

process

\éVhat is the change in entropy when 1 mol of an ideal gas at 335 K and 10
ar

is expanded irreversibly to 300 K and 1 bar? Take Cp = 29.3 J/mol K,
R=8.314 J/mol K

ol 1 mol AULEAAU 335 K Aol 10 bar &l 300 K and 1 bar 4l
irreversibly

expand &Ll cll change in entropy 20H? Cp = 29.3 J/mol K AHAR=8.314
Jimol K Al

OR
Calculate entropy change of evaporation of dry saturated steam at 500 kPa
and 425 K, Latent heat of vaporization is 2106 KJ/Kg

Sl AYR2Ss cRM U@ AW2AUL Ao W, >R Y2AR 500 kPa ol
dAlUHlet 425 ¥ 8laL.

Write the limitations of first law of thermodynamics.
First law of thermodynamics o{l H2AL2AE(A AV,

OR
What is Clausius inequality?

Clausius inequality 9] 8?
Draw the Sketch of Heat engine and Heat pump and explain them.
Heat engine 4l Heat pump ol 2169 wsld €131 aslal.

OR
Write a note on Compressibility charts.

Compressibility charts <l g5 olltl Al
For an ideal gas, derive PV" = constant for adiabatic process.
Ideal gas H(2, adiabatic process Hl& PV = constant cllRcll.

Prove Cp — Cv =R for an ideal gas from the definition of enthalpy.
Enthalpy o{l cautvaul GuRel Ideal gas Hl2 Cp — Cv =R Rl
Derive equation for first law of thermodynamic for flow process.

First law of thermodynamic XU flow process Hl&a] AH$0L R,

Using Hess’s law, calculate heat of formation of Benzoic acid crystals
(C7H602) at 25°C using following data:

Standard heat of formation of CO2 (g) = -393.51 kJ/mol
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(3)

(d)
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Standard heat of formation of H20 (l) = -285.83 kJ/mol

Hess’s law oll GUL 53|, Benzoic acid crystals (C7HsO2) oll heat of

Formation 25°C A o{l Ao{l18lcll ol GuNoL 531 aLal.
Standard heat of formation of CO2 (g) = -393.51 kJ/mol

Standard heat of formation of H20 (I) = -285.83 kJ/mol
Standard heat of combustion of C7TH602 = -3226.95 kJ/mol

Explain PVT behavior of pure fluids.
Y Yallgl M2 PVT dcdRs AUl
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