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Unit 1 Introduction and Basic Concept

Define pressure and Energy? Give its units in different system?

£ QL W Gosl callvAl@Rct 531 (AAu uglQulMi Asti A5 cvil,
Write short note on: 1) phase rule, 2) Steady state.

asalltl AUl 1) 39 3¢, 2) Sl 2.

A special manometer fluid has a specific gravity of 2.95 and is used to measure a pressure of 1.15 bar
at a location where the barometric pressure is 760 mm of Hg. What height will the manometer fluid
indicate?

o oo ARARS €61l 760 mmHg & A 23U 2.95 AR(5s (AL ulcld (AR AclM 20l
GURAOL UM AUA B Aol L AellM2R &lRA 1.15 bar B¢ GIQL cltaltHl wA 8. AP
¥l yaltdlo(l Gues dedl 6312

Give classification of system with examples.

Gele00 A yuuclle collsel Al

What is zeroth law of thermodynamics? Write down temperature unit conversion formula?

GuoUQauRtell gotoll (A cull. dlluHlotatl WA 3UlcR $Rcllof y2A AU,

Nitrogen gas is confined in cylinder and pressure of the gas is maintained by a weight placed on the
piston. The mass of the piston and weight together is 50 kg. The acceleration due to gravity is 9.81
m/s® and the atmospheric pressure is 1.01325 bar. Assume frictionless piston. Determine:

The force exerted by the atmosphere, the piston and the weight on the gas if the piston is 100 mm in
diameter.

The pressure of the gas

If the gas is allowed to expand pushing up the piston and the weight by 400 mm, what is the work
done by gas in KJ.

A5 RAAesR0ell BER alleat AU GRAML AUA B A [Wreetoll GUR axllaul yslal enlyl
AWsUY clcltil WA B, aoslalaul Ual Mreet Holla 2d acauHlet 50 kg Al &, 93t yYAdl
9.81 m/s? Aol cllcllclR0Ue] EMLRL 1.01325 bar B. URA ¥ et uwl [Qlset &. 0 :

ol (Aeotoll caul 100 mm &2l Al cllctlaRE, et wal a2l glRL deq tn ALl

cllRfe] EGUQL

Q2et U cos(A2le] A L1 400 mm (AL sl AUAA Udl stlo{l oLl k Hi L.

What is energy? Write down its types and different units.
Gost AeA 9j? Goxsloti [AlAu YstA cvll Aeoti WM AW

Explain reversible and irreversible process with example?




yldadl ulsau 1o wyldadl ulsau Gelsw A AHsA.

9) Two Kg of CO,is contain in a piston — cylinder assembly at a pressure of 6.5 bar and a temperature of
300 K. The piston has a mass of 5000 kg and a surface area of 1 m?. The friction of the piston on the
walls is significant and cannot be ignored. The atmospheric pressure is 1.01325 bar. The latch holding
the piston is suddenly removed and the gas is allowed to expand. The expansion is arrested when the
volume is double the original volume. Determine the work appear in the surrounding. Will it be the
same as the work done by the gas?

Qeet Ul RAS YRl UUaAHL 6.5 bar E6UR A 300 K UMl 2 kg B2 Slolst
SIRASAUBS (COy) <l MRA B. [Aresto] scauMlal 5000 kg UA Y6 A2As0 1 m? B, [Bald UR
Qreeto] urln cowglelml viad ol clciaRRle] 6l 1.01325 bar 8. 2ato(l RAQ slecllal
Aef (ARl salMl WA B, AR UdAl URRA(AU 5 5cll UHY $E Al AR (AW

e slelclHl AUA B, URUMIL ad stal L 9 A AU alRL Ui 51l B2df » w2
10) Explain the importance of the ideal —gas temperature scale?

ULE Ay dAlUHlol o] Hecel UM,
11) Distinguish between steady state and equilibrium state.

w9l 2 Ul Ag(Ad walral cLRAA dAsteld AWl

12) Nitrogen gas is confined in cylinder and pressure of the gas is maintained by a weight placed on the
piston. The mass of the piston and weight together is 100 kg. The acceleration due to gravity is 9.81
m/s® and the atmospheric pressure is 1.01325 bar. Assume frictionless piston. Determine:

a) The force exerted by the atmosphere, the piston and the weight on the gas if the piston is 200 mm in
diameter.

b) The pressure of the gas

c) If the gas is allowed to expand pushing up the piston and the weight by 500 mm, what is the work
done by gas in KJ.

As RAS( BER algglyst A GRAML WA B A [Areatoll GUR axlal YSla el
AWsUY sttt AUA B. ax(aul wal Qreot Holla 2lect scauHlsat 100 kg &l . 93y Adl
9.81 m/s? ol cllcllclR0Ue] ELRL 1.01325 bar 8. URA ¥ Neot unul [Alset . 0 -

a) %l (NReatoll cauld 200 mm 8lad Al clcdlalRE, et wal csllal glRl ded ol cAldldl?

b) cll}je] 0L

c) [Qreet wal axllaled A gl 500 mm ([QRARQL sRcallHl AAA Ul stlell 21l kI Hi 20

13) Define System and Surrounding. Give its examples.
Yol A URUR caltvlRld 531, Aol GELERQN UL

14) Distinguish between closed system and open system. Say whether the following systems are open or
closed:

a) A tubular reactor

b) A batch reactor.

veclyeudl wa ot Yyoudl csll dstad 2ure 520, ol Aol youdl weell ® 3 oiu & A s8l.
a) 2YoYetr RulseR
b) AARAseR




15) A gas which occupies a volume of 0.2 m® at a pressure of 1bar is expanded to a final pressure of 7 .0
bar. The pressure of the gas varies according to the relation P = 1200 V+ b, where P is in Kpa, V is in
m?® and b is a constant. Calculate the work done by the gas.

0.2 m® B2 S€ Bal 1 bar EHILL URLClAl clle] [ArAREL 531\ 7.0 bar B2 EWIRL ST MUA
&, WA YA P =1200 V+ b YHIBL cloll EGURIHL 3812 AR B, UL P oll AsH Kpa, V all
AsH M® & WA b UAN V. <l sl AUt s12la{l 2Ll 5.
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Unit 2 First Law of Thermodynamics

Derive dH = dQ for constant pressure process.

AN goll YRl ugld 12 dH = dQ wHlsR0L ARl

State First law of thermodynamics and Give its mathematical statement for non-flow process.
GaaAaustell USAL (RauH Avll el ollot $A WRAU M2 Aoj dulcflat 23U gl
Define Internal Energy? Show that Internal energy is a state function?

WARs Gl caulvuRd 5. AUAA 5 ¥ WidRs Gl wczaul (A B.

Water at 368 K is pumped from a storage tank at the rate of 25 m%h. The motor for the pumped
supplies work at the rate of 2 hp. The water passes through a heat exchanger, where it gives up
heat at a rate of 42000 kJ/min and is delivered to a second storage tank at an elevation of 20 m
above the first tank. What is the temperature of the water delivered to the second storage tank?
Assume that the enthalpy of water is zero at 273 K and specific heat of water is constant at 4.2
kJ/kg . k.

368 K clluHlol tRleld gl yad 2129 2osHi 3¢ 8. u Wella Uu gl 25 m¥/h ol €2
&le 2lodsR MR 8le AstAoUL HlsctcllHi A ©. Uusll 222 2 hp oti €2 stal yz wd .
gle AsAo UL 2L WLl 42000 ki/min oli €2 8la (GWHL) MIA B. gle AsAexUiall 4l
Rl (B[ RR% 2osHl RAR sclHl 2UA B. Al (3lA RN 208 YuUH 1% 2052l 20
m GA B. [BAa @Ry 2osMi sctallcdl WRlle] dluHlet ded 62 WRAL ¥ 273 K clluMlal

Wil Aol 9ot & ual wigllell (AR1re G 4.2 ki/kg . k B2l AU B.
Explain the term enthalpy in detail.
Woallcdl 210 U[ARAR AU

A car riding downhill at a speed 20 m/s was applied break when it was at height of 30 m
vertically above the bottom of the hill. When the car comes to the halt at the bottom of the hill,
how much energy as heat must be dissipated by the breaks, if wind and either frictional effects are
neglected? The car weighed 1400 kg.

As 512 253 UL 20 mis ol BsuUl RA Gl 8L B, 253\otl AR 30 m ciet GUesA
$12 Qs HR B, %A 512 253lotl dAllaAl UR AA B IR Asal 512 ¥2cll Gt Assies 62

Uclol A 612 YRI5 WAA WU AIRCUHL HUA B. IR0 closat 1400 kg .
Derive first law of thermodynamics for flow process.
asot Ylsal 12 arlstaua@ sl yur Qi quldd s2A.

Heat is transferred to 10 kg of air which is initially at 100 Kpa and 300 K until its temperature
reaches 600 K. Determine the change in internal energy, the change in enthalpy, the heat
supplied, and the work done in the following process:

Constant volume process

Constant pressure process

Assume that air is an ideal gas for which the P-V-T relationship is PV = nRT, where n is the
number of moles of the gas and R is the ideal gas constant. R = 8.314 kJ/kmol K. Take C,=
29.099 kJ/kmol K, C, = 20.785 kJ/kmol K and molecular weight of air is 29.




100 kPa £0ULRL Al 300 K cAlUHLal 10 kg SCUHI GHLo] YHRRL UL B ual &cllo] dAlUHLet 600
K sclil A 8. o{l Aol ylsauall 12 wdRs Gl adl 32812, Acelcdldl adl 3812,
Al 5121 Wl AU eltHl uell Eie{l oLt 52A.

wAN st ylsal

AN £ ylBL.

WRA Y scll W WEN clg) B WA PV = nRT oll [2AHA BofAR D.

n = cllyell Wcto{l Avaul

R = WEQL cll} AHAN(S = 8.314 kI/kmol K

Cp =29.099 kJ/kmol K,
C,=20.785 kiJ/kmol K

Sclloll AURJEIR =29

9) Define heat capacity and Derive C, = (g—:)P

GuHLaH Al AR A 53 AR W@ 5 ¢, = (Z—;’)P

10) Calculate AU and AH in kJ for 1 kmol water, as it is vapourised at the constant temperature of
373 K and constant pressure of 1.01325 Kpa. The specific volume of the liquid and vapour at
these condition are 1.04 x 10° and 1.675 m*/kmol, respectively; 1030 kJ of heat is added to water
for this change.

373 K B2l AU dAlUHLa A 1.01325 Kpa B2 AL AU €GO WIR(lo] clRiaml 3Uic? alt
& l 1 kmol Wl 12 AU A AH o{l 2R3 kJ (kilo joule) Hi 82 yeugl wcireumi uielle
QR s€ 1.04 x 10° m¥kmol ® Al WEledl cRinne] (AR s€ 1.675 m¥kmol 8. el
yYalt@lHiell aRuami ¥aal 12 1030 ki B2l Gxiell a3t ud .
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Unit 3 PVT behavior

Explain the physical significance of triple point and critical point.
glud Wgoe U silds (Clge] ellds Heca AHostall.
Write short note on compressibility charts.

SLYRAA] e uR gselld AWl

Calculate the compressibility factor and molar volume for methanol vapour at 500 K and 10 bar
by using the virial equation.

500 K cllUHlot el 10 bar £W1RL tRlcldl AAAlctsll crlng] (QRuct UMW glRL HEAR S€E
U SLYR(AAZ ¥s220(l oLl s2A.

Explain with neat sketch pressure-volume behavior for pure fluid.
9 RA UELS HIR €0l — sEoll acds ealadl vus( €1RL
Describe in brief polytropic process.
WAAN s ylsaue] gsuil cdlet 5.

Calculate the volume occupied by one mole of oxygen at 300 K and 100 bar using
a) The ideal gas law
b) The Van der Waals equation

Take o= 0.1378 Nm*/mol?and p=3.18 x 10®° m*mol.

300 K cllUHLol 4at 100 bar £61RL URlcldll Bs{losat clifeti 1 A & Al W) WLl
(A AR o) oS AU UM S LR AL clloll sEo{l 2L 5. URlA ¥ 0= 0.1378
Nm“/mol? Aal B =3.18 x 10° m¥mol &.

Show that C, — C, = R for an ideal gas.

ULl HI2 C,— C, = R AUAA 53,

Explain about the van der Waals equation of real gases.

dRAlAs cl?) HiZell cllosaUE AR50 [AA UMl

An ideal gas is undergoing a series of three operations: The gas is heated at constant volume from
300 K and 1 bar to pressure of 2 bar. It is expanded in a reversible adiabatic process to a pressure
of 1 bar. It is cooled at constant pressure of 1 bar to 300 K. Determine the heat and work effects
for each step. Assume C,= 29.3 kJ/kmol.K.

el UR 2Rl Ylsal scllil WA B, AUAN 5T AUEAAUYA 300 K cdAlUHIal aRU 531
gadlQl 1 bar &l ael3] 2 bar ed sl AA B, Yldadl sl ylsaul sl 1 bar €68 L
o] (QRARRL sReUML AUA B. 1 bar B2l WAN I 300 K cllUHlel UR 6§ ULSCUHL 1A
8. €35 XU HIZ GWHL A s1e{l 21013 5A. WRA 3 C,= 29.3 ki/kmol.K

1

10) Show that Q = W = RT lni— for constant temperature process.
2

AN dAluMl Al ylsau W2 @ = w = RT lni—l A 53,
2

11) Explain with neat sketch pressure-Temperature behavior for pure fluid.

9 ARA UELE HIR2 €0llRL — dluMlstoll adrs ealadl vugld €1

12) 1 Kmol of CO, occupies a volume of 0.381 m® at 313 K. Calculate the pressure from:

a) ldeal gas equation
b) Van der Waals equation




Take the van der Waals constants to be o= 0.365 Nm*/mol®and B = 4.28 x 10™ m*/mol.
313 K cllUHlal 1 Kmol CO, of 5€ 0.381 m® & ll ) wle el AR50 Aol o) clloSAAC
UM 520 gL eclRlell 21RLA3 5. clloS AU AUUNLS, 0=0.365Nm/mol? Wl f = 4.28 x 10
> m¥/mol &.

13) Show that for an adiabatic process PVY = constant
el ylsa Wi Pry = o Alald s,

14) Explain constant volume and constant pressure processes.
AHELO]l Wl AHsEL Yl (A uHes Al

15) Calculate the change internal energy, change in enthalpy, work done, and the heat supplied in the
following processes:
An ideal gas is expanded from 5 bar to 4 bar isothermally at 600 K.
An ideal gas contained in the vessel of 0.1 m® capacity is initially at 1 bar and 298 K. It is heated
at constant volume to 400 K.
(Assume that C,= 30 J/mol.K.)

(Aol Ylsaul 12 widRs Gl i Ul 2812, WotlleUlHl & 3512, 5121 Wl UM
el Gutefl atatddl s

) AH AL Yzl 12 600 K dAlUHLaL 5 bar W1 AL e cllRfe] (ARARQL B 4 bar
Bec AL B,

@) 0.1 m*® Ml YAl Uil wieR el B¥A & Bof Aullclo] EGURL 1 bar
AlUMLo1 298 K 8. 3l cllal AU 52 21RH 531 400 K cllUHlol UR A8 AlclcllHi wIA ©.
UWRAL 3 C,= 30 Jimol . K B.
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Unit 4 Heat Effects

Define: 1) The heat of reaction, 2) The standard heat of reaction, 3) The standard heat of
formation, 4) The standard heat of combustion.

caludl AL 1) YlBau Gy, 2) YHQlct ulBuG™Y, 3) YHIRA USAGSHY,

4) YHUQld £&olG™HL.
Explain GHV and NHV.
GHV A NHV QA gl 2L

Pure CO is mixed with 100 % excess air and burnt. Only 80 % of the CO burns. The reactants are
at 373 K and the products are at 573 K. Calculate the amount of heat added or removed per
Kmol of CO fed to the reactor.

Mean molal specific heat between 298 K and T K in KJ/kmol K are:

Gas T=373K T=573 K
co 29.22 30.61
CO, - 43.77
0, 29.84 30.99
N, 29.17 29.66

Standard heat of formation at 298 K in KJ/kmol are CO=-110.524 and CO, =-393.514.
100 % cuRlell scll U Y& O A MAsU 53 cllanciMl AUA 8. Wl 80 % CO WU B.

Ylsase] dlutlot 373 K & ol [AU%Ne] dluHlel 573 K 8. RulseUl ELWA AUdl CO sl
Kmol €l6 GRRLAl Aaal g2 AUl Gisll a1l s2A.
298 K WA TK cdAluHlol dAe{l A2 HldA [Alle Gudl oA yd .

Gas T=373K T=573K
co 29.22 30.61
CO, - 43.77
0, 29.84 30.99
N, 29.17 29.66

298 K dludlal co ofl YHURt U%eAG™L -110.524 Ki/kmol el €O, ofl YU

Y% AGWL -393.514 KJ/kmol .
Describe Hess’s law of constant heat summation.

dUoll AUUN G AsCotall [AAM dlRAl

Derive: AHY = AH' + AaT + 2272 + 2073

ARA: AHY = AH' + AaT +2L72 + 273

Calculate the theoretical flame temperature for CO when burned with 100% excess air when
both the reactants are at 373 K. The heat capacities (J/mol K) may be assumed constants at
29.23 for CO, 34.83 for O,, 33.03 for N,, and 53.59 for CO,. The standard heat of combustion at
298 Kis -283.178 kJ/mol CO.

100% dtllRle{l el AA cO A ollcliHl HMA B A co HER RAINsc $AH SURRAR
(Agilds s dAtuHtet) ol ald?l 530 €O, 05, N, Aol €O, HIZ URAMHL WAL AHAN




GuHLatH Al AojsA 29.23 J/mol.K, 34.83 J/mol.K, 33.03 J/mol.K ol 53.59 J/mol.K 8. 298 K

AlUHL YHIRlA £0t Gl -283.178  ki/mol CO B.

7) Explain in detail standard heat of formation and standard heat of combustion.
YRl d USAGSHL WA YHIRlA €501GBHL [AA UAcR UMl 2.

8) Define: 1) adiabatic reaction, 2) adiabatic flame temperature, 3) temperature of reaction.
caqruAdl Wl 1) sl ylsag, 2) WAl s dtuHiet, 3) ylsal diuHiet.

9) The heat of reaction at 300 K and one atmospheric pressure for the following gas phase
reaction:
A+3B—>C
is -200 KJ per mol of A converted. Data on the molar heat capacity at constant pressure (KJ/mol
K) for the various components are: C, for A =-1.7 x 10>+ 3.4 x 10™*T, where Tis in K, C, for B =
0.03 and C, for C = 0.1. Calculate the heat of reaction at 500 K and at a pressure of 100 KPa.

300 K cllUHlol A A clcdlaR0Uatl ol aly) wzuell A ylsa «(A yud .
A+3B->C
Ul URRAARA 3uicdRe act A ofl ulsau Gt -200 kI/ WA 8. QLYW Uzsl HIZ wWAN

£0UB AR GuHlatHdlell 32t oA yHd &.

A HIZ, Cp (KI/molK) =-1.7x10°+3.4x 107 T, %l T 3ecllet (k) Mi ®
B HL2, Cp (KJ/mol K) = 0.03

C HL2, Cp (KI/mol K) = 0.1

500 K cllUHlal Aal 100 KPa £6UBl YBAG™HLe{l a1l 53,

10) Explain in detail standard heat of reaction.

YR ylsal Gl QA AR Aol 2,

11) Describe the term temperature of reaction and what do you mean by adiabatic flame
temperature?
Ylsal diudiet @A aglet 5 el WS 22 dluHlet QA dR 9 UH ©1?

12) For the following reaction the standard heat of reaction at 298 K is -164.987 kl.
CO,(g) + 4Ha(g) - 2H,0(g) + CHa(g)
The constants in heat capacity (J/mol K) equation, are given below:

Gas o B 4

co, 26.75 42.26x10° 114.25x10°°
H, 26.88 4.35x10"° 0.33x10°°
H,0 29.16 14.49x10™ 2.02x10°
CHa 13.41 77.03x10°> -18.74x10°°

Calculate Standard heat of reaction at 773 K.
298 K clluHlal Al o{lAe(l 20ua@s ylsal 12 wHdld ylsau GuHl -164.987 ki ©.

CO,(g) + 4H2(g) > 2H20(g) + CHal(g)




GuHL&H AL (J/mol K) ol UM S0 HIZetl AANIS| o[ A Yoo B.

co, 26.75 42.26x10° -14.25x10™°
H, 26.88 4.35x10°° -0.33x10°°
H,0 29.16 14.49x10™ -2.02x10°°
CHa 13.41 77.03x107° -18.74x10°

773 K UM YHIRA uBGwHLe{l a1t 52,

13) Describe the effect of temperature on the standard heat of reaction.

YHO A YWEAGCSHL UR dAltUHLetell xR @ cdlet Al
14) Using Hess’s law, calculate the heat of formation of chloroform (CHCIl3) with following data:
a) CHCl3(g)+1/2 0, (g)+H,0(l) > CO,(g)+ 3HCI(g); AH%98=-509.93 KJ

b) Ha(g)+1/2 0, (g) - H,O(l); AH08= -296.03 KJ
c) C(s)+0,~> COy(g); AH%0g= -393.78 KJ
d) 1/2H,(g)+1/2Cl,(g)>HCl(g) AH%gg=-167.57 KJ

dotll (Aol Heedl 1A WA 32l gLl SAARAEH (CHCl;) ol UXAGSHI{l 2R3 $3.
a) CHCl3(g)+1/2 0 (g)+H,0(l) = CO(g)+ 3HCI(g); AHj0g= -509.93 K/

b) Ha(g)+1/2 0, (g) = HL0(l); AH%0g=-296.03 KJ
c) C(s)+ 02> COy(g); AH%95=-393.78 KJ
d) 1/2H(g)+1/2Cl,(g)>HCI(g) AH% 8= -167.57 KJ

15) Pure CO is mixed with 100 percent excess air and completely burned at constant pressure. The
reactants are originally at 400 K. Determine the heat added or removed if the products leaves at
600 K. The standard heat of reaction at 298 K is 283.028 KJ per mol CO burned. The mean
specific heats applicable in the temperature range of this problem are 29.10, 29.70, 29.10, and
41.45 J/mol K respectively for CO, O,, N,, and CO, .

100 28l duReell sall WA Yg co A MAsd 531 AAN ewld UYL claciHl wa 8.
Ylbaso] 2A3ulcde] UMt 400 K 8. wslR Bsadl Ruese] dtudiel 600 K 8l dl
GRRaMl el waual g salHl Aladl Gulell 2l 5. 298 K dluMlal As WA
co a oltaall Hizoll YHIRld ylsaul Gl 283.028 KI B. Al dlUHlelatl dUAL HIZ2 CO, O,

Ny, Wal CO, HI2 R (AR Gl MaisN 29.10, 29.70, 29.10 WA 41.45 J/mol K .
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Unit 5 Second Law of Thermodynamics

Write down the limitations of the first law of thermodynamics.
GaaQaustetl yaur (Aol Hale A,

Give statement of Clausius inequality and derive equation for same.
SR WAHLotclle] ([Atitot WD W Al HIZ AMSKL AR

It is required to freeze 1 kg water at 273 K by means of a refrigeration machine which operates in
the surroundings at 300 K. The latent heat of fusion of ice at 273 K is 334.11 kJ/Kg. Determine:
a) The minimum amount of work required
b) The heat given up to the surroundings.

300 K cdlUHletallol URURHL vURe AUdl A5x22et Hallot 6121 273 K cllUMlal 1 kg wiRllat
HREUL BRcAclML WA B. 273 K dAlUHIA tlRo{l Aot Lt GBI 334.11 kI/Kg . 2N
a) WOH AL %32 Usd st

b) WML etwct Al Gl

Explain the Kelvin-Planck statement and the Clausius statement of the second law of
thermodynamics?

GxoUQ UL oflost @Lamoﬂ 3(EAot — Wellos ([Quulot WAl SAAR 2 [Qlol AHA.
Derive: AS = Cp ln —RIn=2

1

dARAl: AS = Cp ln—— Rln

Hydrocarbon oil is to be cooled from 425 K to 340 K at a rate of 5000 kg/h in a parallel flow heat
exchanger. Cooling water at a rate of 10,000 kg/h at 295 K is available. The mean specific heats
of the oil and water are respectively 2.5 ki/kg K and 4.2 ki/kg K. Determine the total change in
the entropy. Is the process reversible?

VRAA $CA 8le WsAHL 5000 kg/h otl €2 sl8Qsiolat B8R 425 K &l 340K cdAluHLal
65 ULSCAUMHL AUA 8. 295 K dluHlal 651 WRllell Yalls €2 10,000 kg/h 8. S al WRlle{l
ARALL (AR B WafsN 2.5 ki/kg . K W 4.2 ki/kg. K 8. Ao U1 &l s&t $512 204,

9 usa ulQadl®?
What is entropy? Explain in detail.
Ao\ Ul Aed 92 AUl (AR UARAR UM

10 kg water at 375 K is mixed adiabatically with 30 kg water at 275 K. What is the change in the
entropy? Assume that the specific heat of the water is 4.2 kJ/kg K and is independent of
temperature.

375 K cdlUHlel tRleldl 10 kg WRllal 275 K dluHlet tRleldl 30 kg Rl A& Rsat salHl
A B, e UlHL A 32512 WA URA ¥ wellell (QR\e G 4.2 kikg K ® Aal

AluHletl aelda ®.

Oil at 500 K is to be cooled at a rate of 5000 Kg/h in a counter —current exchanger using cold
water available at 295 K. A temperature approach of 10 K is to be maintained at the both ends of
exchanger. The specific heats of oil and water are respectively 3.2 and 4.2 kJ/kg K. Determine the
total entropy change in the process.




5000 Kg/h oll €2 500 K cllUHlet Uccll HBEAA 51Go2R $02 WA UL 295K cllUH el
tRLeldl 65U WRl gLl 65 ULSCUHT A B, ARAe el vial (AH UL UR 10 K AlUHLet
B2l AYA stclaltHl A B, WS Al WRlloll (A Gl AaysN 3.2 kilkg. K uad
4.2 kilkg. K 8. UBuui Aol M Al 5E 32512 2.

10) Explain Carnot principle with diagram.

slolle Rgid vUslA A& A1l
11) Show that entropy is a state function.

AAA 5 ¥ Ao UL el (AR B.

12) Two perfectly insulated tanks each of capacity 1 m® are connected by means of small pipeline
fitted with valve. The first tank contains an ideal gas at 300 K and 200 KPa and the second one is
completely evacuated. The valve is opened and the pressure and temperature are equalized.
Determine the change in the entropy.

1m el YRddl A AYel 8YARS 2osal alcal URladl otloll WHUASAL 6lR 552
SAHL AUA B, YUH o8HI 300 K cdlUHLel Aol 200 KPa EGLRL YAl AIEAARY & ua
ol 208 AYRUR WAL B. cllcalal el sRAMHT AUA B Aol EGIRL AMY dlUHIotal UMl
sclHL WA B, Wogl ML UA 3512 2.

13) Show that Kelvin-Planck statement and the Clausius statement are equivalent.
AAt 5 ¥ 3cAet - Lellos (Aot val sAlRRUU [Qtilot UHLo B,

14) Give mathematical definition entropy and explain the termed involve.

Ao Ulo{l Ul cflat cautvaul AW AR AL 1A UEL UH A

15) A steel casting at a temperature 725 K and weighing 35 kg is quenched in 150 kg oil at 275 K. If
there are no heat losses, determine the change in the entropy. The specific heat of steel is 0.88
KJ/kg K and that of oil is 2.5 ki/kg K.

35 kg %\ca] 725 K dluHlal 122191 $cllM AUA & RURGILE 275 K dlUMlel YRlcldl 150 kg
VWSAHL Aol 6 WS UHL AA 8. %8 GuHloll cald Ul ot dlad Al Vol UlHE UAl ¥512 2.
Bldo{l (Al1re GwiL 0.88 Ki/kg K & ulat A8 EHo(l (A2 Gl 2.5 kilkg K B.
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Unit 6 Refrigerator & Heat Pump

Explain COP and refrigerator capacity in detail.

COP o A2 e{l &l UARAR U yH AL

Give advantages and disadvantages of air-refrigeration cycle.

AR — A0t Aol AL W AN AL

Write short note on: 1) Refrigerator, 2) Heat Pump.

asallel cull.: 1) A2, 2) dle uu

Draw the diagram: 1) Components of a Carnot cycle, 2) T-S diagram of the Carnot cycle.
SLALAULH €1RL : 1) stelle ALASAHolL YU Slall, 2) slolle UASCoA T-S SIAUH.

What are the important properties of the refrigerant?

AsR02ell Hocclatl oAl cvl.

An air refrigeration machine rated at 10 ton is used to maintain the temperature of a cold room at
261 K when the cooling water is available at 293 K. The machine operates between the pressures
of 1.013 bar and 4.052 bar. Assume a 5-K approach in the cooler and the refrigerator. The
specific heat of air may be taken as 1.008 kJ/kg K and y=1.4. Calculate the COP and air
circulation rate.

10 2otoll AR A%s2Uet Hllol GlRL 293 K B2l dluHlel Uaddl 65t WRll sl 261 K
dAlUHlel UR 3Hal 651 AWclHl A B. 1.013 bar ol 4.052 bar B2l £l A He(let
wluRe Al B, URA ¥ 5cR wal AUl 5-K ol AU B. scllofl (A2 GwHL 1.008
ki/kg K 3ol y=1.4 8. COP 3ol AR A&A2at R24{l 2133l 53

Draw neat diagram of absorption refrigeration cycle.

Ao alet Adw2alet AAscoll 269 a5 €12

A refrigeration machine operating at a condenser temperature of 290 K needs 1kW of power per
ton of refrigeration. Determine the following:

a) The coefficient of performance

b) The heat rejected to the condenser

c) The lowest temperature that can be maintained.

W AgwraUol HAlot 290 K B2l 53R cdlUHlal AUURS AUl B, AL A2t M2 AS 2ot
€ls 1kw ulclRe(l 332U ud B, o{lA yHId 0.

a) URsLe oJulis

b) ScdoAHUL ELMUA UAl GBHL.

€) stoclellHi el JNOHL Y AlUHLoL,
With neat sketch explain the vapour-compression cycle.
LA AURA AUR - 512t ALASH UHLA

10) A vapour-compression cycle using ammonia as a refrigerant is employed in an ice manufacturing

plant. Cooling water at 288 K enters the condenser at a rate of 0.25 kg/s and leaves at 300 K.
Ammonia at 294 K condenses at a rate of 0.50 kg/ minute. Enthalpy of liquid ammonia at 294 K
is 281.5 kJ/kg. The compressor efficiency is 90%. Saturated ammonia vapour at 258 K and
enthalpy of 1426 kJ/Kg enters the compressor. What is the power requirement of the compressor
and refrigeration capacity in tons?




WU Ololladl Wellee Hi AUR — 5l 2lel RS [AsAlclaHl AUA & FHL Adxsee A3
Alcl2utoll GUADL AL B, 0.25 kg/s oll €2 288 K clUHlel URlclg Rl SedorML EMWA
AlA B WA 300 K dAlUHIA sedcrRHI 61812 [AsA B. 0.50 kg/ minute oli €22l 294 K
dAluHial AU Sded Al B, 294 K dlutlal Axlauefl Aeacdl 2815 kikkg B.
S R{l stletHcl 90% 8. 258 K cluMlet et 1426 ki/Kg B2l Aol YRl ALt
A A2uteofl a0 SYAML EMHA AL D Al SBYARA %32 USl Ulcdo{l oL 531 wa
2ot Hi Ao ralotefl FURE oWl




