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Title of the Course: Basic Thermodynamics 
Category: ES 
Semester: III Semester  
Course Code: 24AMEC31T  
Branch/es: Mechanical Engineering 

 

Lecture Hours Tutorial Hours Practice Hours Credits 
3 - - 3 

 

Course Objectives:  
1. To impart the awareness on laws of thermodynamics. 
2. To enable the students to understand second law of thermodynamics and its applications to various 

systems. 
3. To familiarize steam properties to understand working of steam power plants. 
4. To acquire knowledge on equations of state and properties of gas mixtures. 
5. To understand the inter-relationship between various air standard cycles used in gas power cycles. 

 

Course Outcomes: 
At the end of the course, the student will be able to 
1. Apply the first law of thermodynamics for various energy systems 
2. Analyze the performance of thermal engineering devices by using Second law of Thermodynamics. 
3. Solve the properties of pure substances by using steam tables. 
4. Calculate the P-V-T properties of gases and mixtures. 
5. Analyze the Air standard cycles by using the thermodynamic principles 

 

Unit 1 Basic Concepts & First Law of Thermodynamics 12 

System, Control Volume, Surrounding, Boundaries, Universe, Types of Systems, Macroscopic and 
Microscopic viewpoints, Concept of Continuum, Thermodynamic Equilibrium, State, Property, Process, 
Cycle – Reversibility, Quasi – static Process, Irreversible Process, Causes of Irreversibility – Energy in State 
and in Transition - Types, Work and Heat, Point and Path function. 
Zeroth Law of Thermodynamics –Ideal Gas Scale – PMM I - Joule’s Experiments – First law of 

Thermodynamics – Corollaries – First law applied to a Process – applied to a flow system – Steady Flow 

Energy Equation 

 

Unit 2 Second Law of Thermodynamics 12 

Limitations of the First Law – Thermal Reservoir, Heat Engine, Heat pump, Parameters of performance, 
Second Law of Thermodynamics, Kelvin-Planck and Clausius Statements and their Equivalence / Corollaries, 
PMM of Second kind, Carnot’s principle, Carnot cycle and its specialties, Thermodynamic scale of 
Temperature.  
Clausius Inequality, Entropy, Principle of Entropy Increase – Energy Equation, Availability and Irreversibility 
Elementary Treatment of the Third Law of Thermodynamics. 

 

Unit 3 Properties of Pure Substances 10 

Pure Substances-, P-V-T- surfaces, T-S and h-s diagrams, Mollier Charts, Phase Transformations – Triple point 
at critical state properties during change of phase, Dryness Fraction – Clausius – Clapeyron Equation, 
Constructional use of Property tables. Mollier charts – Various Thermodynamic processes and energy 
Transfer – Steam Calorimetry. 
Thermodynamic relations: -Thermodynamic Potentials, Gibbs and Helmholtz Functions, Maxwell Relations. 

 (ESTD UNDER AP PRIVATE UNIVERSITIES (ESTABLISHMENT AND REGULATION) ACT, 2016) 

RAJAMPET, Annamayya District, AP – 516126, INDIA 

 (UNIVERSITY LISTED IN UGC AS PER THE SECTION 2(f) OF THE UGC ACT, 1956) 
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Unit 4 Perfect Gas Laws & Mixture Of Perfect Gases 13 

Equation of State, specific and Universal Gas constants – various Non-flow processes, properties, end states, 
Heat and Work Transfer, changes in Internal Energy – Throttling and Free Expansion Processes – Flow 
processes – Deviations from perfect Gas Model – Vander Waals Equation of State – Compressibility charts 
– variable specific Heats – Gas Tables. 
Mole Fraction, Mass fraction Gravimetric and volumetric Analysis – Dalton’s Law of partial pressure, 
Avogadro’s Laws of additive volumes – Mole fraction, Volume fraction and partial pressure, Equivalent Gas 
constant and Molecular Internal Energy, Enthalpy, specific heats and Entropy of Mixture of perfect Gases 
and Vapour. 

 

Unit 5 Air Standard Cycles 06 

Otto, Diesel and Dual cycles, P-V and T -S diagrams - Description and Efficiencies- Mean effective pressures. 
Comparison of Otto, Diesel and Dual cycles. 

 

Prescribed Textbooks: 
1. Engineering Thermodynamics. PK Nag, TMH, 6th  edition,2017. 
2. Thermodynamics – An Engineering Approach. Yunus Cengel& Boles, TMH. Mcgraw Higher Education  

9th edition, 2019. 
 

Reference Books: 
1. Fundamentals of Thermodynamics. Sonntag, Borgnakke and Van wylen, John Wiley & sons (ASIA) Pt 

Ltd. Publisher: Wiley; 8 edition (December 26, 2012). 
2. Thermodynamics. Mc Graw Hill J. P. Holman, McGraw-Hill College; 4th edition (January 1, 1988). 
3. An introduction to Thermodynamics. YVC Rao, Universities Press, 3rd edition 2004. 

4. Engineering Thermodynamics, Jones & Dugan, PHI INDIA (2011). 
5. Basic Engineering Thermodynamics. A. Venkatesh, Universities Press; First edition (2007). 

 

Web resources: 

1. https://www.youtube.com/watch?v=9GMBpZZtjXM&list=PLD8E646BAB3366BC8 

2. https://www.youtube.com/watch?v=pMmHdWvN_FI&list=PLyqSpQzTE6M_QOKxVxZ5nQ48gOkzg7zWP

&index=1 

3. https://www.youtube.com/watch?v=2LPQX4F-GoA&list=PLwdnzlV3ogoWV-_n1YItO933MxgPXfEiM 

4. https://www.youtube.com/watch?v=ZXHbqJj5mk4&list=PLjA7uIhseb0-tML7elONaelFTts6xoG5B 
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24AMEC31T .4 3 2 1 1 - - - - 1 - 1 2 1 
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P 0 by 

sp 150c 

0.9 

T:250' 
frem Sfaam foble 

hp=251. 5 

h 358:4 

a2609.9 

S4 0832 

St1 7.017 

. Ext b, 29A3 KJ/ P 0-2bo 
Sy 126 kT/k k 



ert ha py h h+2 hf 
251.5+0-9 (2358.4 

2314 06 kT 

Enttalpy 3, Sp, + Sf4 
O-832 +0:9(7. D17) 
7 2013 «T|k 

dree fn Ential py h,-h> = 56894 3|k7 
chonge in Éntrepy S-3= 0.2153 kJ| 

Find the Enthalpy ond EntroPy Of Sta ear cohen 
the Pres sure u 2 Mpa and Specific volume Enexqy i 
O09 m and alo alclate inteanal Enexay 

a Steam 

P 2MPa 20 ba 

Speciftc veume = 0 01 m/k 

At P20ba 

rem Stmm tables 

m 0.09549 m 

V *V 
O.09 x (0-0954) 

0.9O41 
hf 1888.7 

Sfq3 3.890 
h 08. 6 

Enthalpy he hetxh4 

00 6+(o.904)(8887) 
2616.17361 kT/ k 



Entrepy 
2441+(0:9041) 3-890) 
5 9631A « J k 

coe knod that 

Ercthalp be ut Pv 

ntuna tnexg y h-Pv 

26l6.(1-(20D(o-09) 

u. 2698-7 3/4

8 bax and drynen racti on sD.8 Calebte 
t0. Tf Certain amount beat 4poduce d at a prCkure 

t.txtrral 0ork done 

ti. 9nterral Eneg Steam 

o Civen P:8 ba 

0 8 
0 PV 

C 

h u+Pv 

At P:8 Da Yrom steam tabes. 

VgO.24026 be120.9 hf 2046.5 

Speciic voume E x 

0 8(0.40 16) 

0192208 m 



P(K Po) 
Extena workdene l PV KfaX 

(8 x too) x O.192208 

153.1664 k3/ 

m 

KN- 

Entaley h: thr 
120-74+ 0.8 (2l46.5) 

2358 ) kJ| 
we knt at 

h u+ Py 
h-Pv 

358)- 153.7664 

220 4 3336 kJ 

t Fnd the Entalpy and inteaal Enexgy o Steam oSteam 

at prexiue ch oot andi. tohen t'3 2cuality u O8 

Wben it u dry ad Statsated 

talhen ft u Supe hated tehe deree o Supez 

heat u 65 'C 

Sd Given P 1ba, 

. O.8 
P t ban hen Steam 
tables 

Erdhalry h h +% h£j 
TT140 8C206A-9) 

2 349.02 KIay 
See citc voeum V 

0-8(0-11266) 
0 218 IH4 

coelenoO ttat 
h u+ Pv 

h- Pv =2349.02-(To)6.t1o 

A2/963112 k/k 



P h 6171 hen 2064 9 
V O-21268 b-2762 

rem Steam tades 
Specitic voume h: htxhfg 

b 2162 kTlk 
V 0 2726& 

Loe know that 

h- Pv 
2762 7oo)(o-27268) 

u 25|.12 4 *J|k 

P Tba) 

Degree of Supehat=(Tsup-) =658 

up-T3) 65 
Enthalpy h h +Cps ( Tsup Ts) 

2162+ 21 ( 
65 

2898 5 kTlk 
rem Stcam-ta bles 

T 6 5c (up-3)63 

Tsue65t T 
230C 
503 k* 0.5I3146 m 

h- PV 

288 5 10o) (0.313/A621) 

u 2679.291653 



12 Aind Specifie volume Sakwafion em P, Chage in 

Change ín Entropy Latent hent vapeeei ~aion Change 
Steam at 1MPa. 

At p= 1o bav 

rem Steam tables 

Ts/79.9 c V 0.194 30 

V Ve 0 OD1127 

Chwnin 
Speciht vame 

0.193173 7k 

Change n ttropy S4g 4a5 kT/k k 

atent heat 4 vapeuutatien h - 203.6 l 

3 2kq oh Steam inftiaat 12 ba and25o'c ond Eyands 

poytropiay to t-2 baa. Cal Ceilate. 

. fina voume 
. final Cenditien to Stearm 

rni Workdene 
V. Change in Entopy and aSume ndex oh 

Epanen as 1.25. 

d Ctiven P12ba 
T250e 

Pl2 ba 

Poly tropie proCes 
P CC 

Prom Steaum tablte 
PEl2boT2So PVa PaV 

Specifiew V O.192� m 
V 

V 
yo 

V O-191a (2) s 
V 2l316 . 2! mA 

( 



panyion . By tnding X2 value we Can find 

Ccnditen of Steam 

t0.kndt fCat V, 
At l2 ba) yom [tem tables 

428 

V = 2/326 
A281 

0.85 

lork dene Pv,- P 

12XlbO xOl924-}90x (-2)396 

25 

340-819 kT/ 
From steamtaklas 

P1 bon 1:250' 

S 6.83) kJ|k 

tV clange in &ntepy 

S-Sy 831-6ADTH S 
0.42355 k\/k-k Pl2bay 

S-I361 131 
S: +S 

(361 +056. 937) 

S,6-407�.514Too teilew ere xth Supe heates and anothe ithout 
Super heae e deliveviequa quantitt ea into a Cemmon main.Te prex ae îx beile» 
iend 2o ban. temp t stam frem a beile 

ceth a Supen beaten u 350c and tto temp Sltam 
de temine 2uals by t 

n-te main iu 250c 

Steam Supplied by the Othen boilen Take Ce2»4 



d S (sPerhtaken 
P20b, 30t 

Bei le 
P20bonbio 

P 20 
T 390c 

rem stam-toble 

h 3138.6 T 

Eeile bhf +7,h42 108.6+X, 1886-1 

fre Steam table. (sakwrale Codihon) 
h oR .6 

1886-7 
t P 20 ban

P 20ba 250' 
hs2901A kJ dua) qu 
h 902- A5& 04 & kj 

moin 

hthh 

3138.6+908-6+, (18t8.7) = 804-8 

AO41 2+ 7(1866 1) + 5&DA "8 

2 03O5 

5 Calcubte Erttalpy &k Eotrey oSteam at opetune 

30 baz . alhen it dry Sateaked 

.90. dry 
i Supen heakkd to A15 

a prebuae 

Cempase te 

Vcues orth molliey eyCket 

At P-30 ba 

Frem Stearm ta bles Ss-2-646 h /0083 
hp / 7 94.0 Spg 3.5 3 



Entfapy h: he+zh#s 
l0o.3 +1114 
2802.3 KT/ 

Entepy S S+x bpq 

2.646+ 3.538 

18 4 KJ| kq k 

P 30 bca ten Stearn -takes 

ht lo-3 hf=l194 

Sp = 2.646 St Spa 3.5 3 

Etiapy b he tX h4q 

10063t 09 (rM4) 

26229 | 

Entery S SttX Sf4 

2646t3.538 KxO 9 

5.830 LT/k 
Tap 475 c 1AGIK 

For P:0b Frem Steam tables 

T233.8 c 506. 

ha 28D 2-3 Sa6164. 
Entapb=ht s (T ) 

(T+G-506-8) 

3308-5 kS/l 



Ettopy S= S CPs n Ln (T 
Ts 

6.184 +21 n ( 148 ) 
506-8 

7-00 15 kJ 
Melle DRnahan 

Mo.9 

M=o-7 
2prOp 

TS dagram of pure Substance 
zCritital pont 

Supexhet 
374-15es. 
T1 

at crihicl pint. 
h 3 
hghgh 

liguidt 
Vapoun Sat Vapoun ne 

Cribcal point temP 3TA 15 C 
Crih al pred une 22 2 Kpa 

No Te- 
At Cr'hal peint 

w, opou po ehexe t Poiot Cen taina gui doapey 
Lotent heat vapaurizaton is 

iqui doape 



Frem thnt pánt alled Criti tial point 

Thexmodynamícproen a pune Substance 

Cendtant Vdun me poCes 

P 

V 

Alc to st tao T.D 

= (h- Pv,)- (h-RM)
(h,-h,)- (By-P V) 

entant pruse proten 
Au+ h 

c u-u)+ P(y-V) 

(h-P.v-(h,-v)t+BvRy 
P 

h-hb 
3. Const temp pocen (or) J So themal 

V 

Au+W 

/ o (h-Pv-(G R/) 
+v( 

S 



Adiabath proten ' 
Au+ 

T -o] 
AAu 

h-Pv)- (h»-Bv.) 
(hb)- (Ry- F) 

Polytepic procon ' 

Au th 

(h-PV)-(h-Pv) 
+PV-BV 

n- 

()Throttling pr0 Cen 

Pro cen hcat transfer 0 ) 
Work trarmfey 

for Tho tting 

+a alko Calle d as Cansrant Ethalpy proeda 

Jso Enkalypy PocUK 
'h ha 



ThSam at a pre one oh 20 b ak 500 c Eund 

Sen trep fally toa prek.ne ah O1 ha. alcde 
wOrl d ene pe ka Steam od t Coedrien 
Steam Repraent the PrOCe% en H-S difar. 

Sat P 20 ba 5t0c 
Prom tam table So 

h, 326T.3 k1| 
3 7 432 kT 

O.lbasy 

Frem T-sdi agream 

P2 0.l bay Pre Stam tablu 
S = 0.649 

S 
S S+ 7 

7.43 0-674 +4 44 

0.oi 

h h+7,h From Geam Shbles 

h191-8+{0*71)(2372-) h =2312.9 
h,2371-219 kTl 

Work dene = hi- bi

1015.08 kJl 



Clasius Clapcion uahen 

lisid ,Ci peint cp) 

Fuujon 
Vap awu�aho 

Goi ds 
THple pei nt 

Vapou 

Sublimatio 

T 

Claul ius Clapebyon & uaton 'u a rehken skip ho 
Saahon prexcone, Temperatme, 
nthalpy evapowi- 

Taken and Specihe voume otoo Phases nvved. 

This huation prevides a basts br alaulations q 
the slepe 

Preperties fn a tuoo phase regien. t gvu Tha sepe 

O a Curve Sepeaing -the too phaes n P-Tdi 

Cerviden One ohe mmuoel reaten fon hpeugatin 

PDCe 

Lef us Cenaide the Change State " Satwoted 

Ligwd to Satonled aper 
a pu Substance aic- 

takes phce at Cetemp 
Prenuoe and duungthe evnpeurat'on the 

tempuoalunes 
ane fndepent Volume. 

ds 
dPS 
dT St 

T V- 



de is hr 
dT 

Tais ptorf4, clauiu Chpinyen 

uatien t EnfoueHion 4 liguid 

For fuuion LH tusior 

or Vapuuzation dP = H Vapoui aakin 
Ts C-V) dT 

Thw Substence Exponds n fuuion Ve 

ond dP ' u Postve 
dT 

1ft Substance. Centracfs en me t foa then t 

oil have negative Slope 
* 

fuuien Cive 

Tce to oatev 

At temp beloo Cri-fital emp Va > 

Methods pi detamínina he dryress -tachiorn 

Bu ial oua metods ane available to ind deyeg 

rac hien Steam Eperimenthy 

is krocon as Calorime try. 
Typ Caloimetev 

and this pex 

1Bucket+ Calorite 
Sperakioq Caloimete 

3. Throfting Calorinefes 

Seppeuhn and Thrott Ling Calori me tea . 



IBuCleet alorimeta- 
Con tro 

ave 

pressue 

Cua e 

theemomeex 

Sampio 
tubt Z 

Lmula Hen. 

woden 

Bucket Caloimekes Ceni sk o Coppen Certainen 

this 
Centaine 

ich has a measmed Quantty of coatex this 

Centaine Suwonounde by �n in'ulakoa maleuia 

S0 as to prevent heat tramfe 

A themomete 
The Centainev co eght rst and ts emp ia 

oted 
Ne a Sampl cSteam is parled ínto the Centaine 

cchich di'scharqes irto Cold oates throuy -ine 

Enits holes 

The StCam 2nteiT fnto the Centainex ves Out 
heat and Cenderuea zivio Out Entire latent 

heat pant qfts Bemihe heat. 
the fem p Wate 

akent 
TKis il raie 

temp The Supply F steam i Stopped b watre temn 



Certaine otight i oted aain. 

Ociht 
and to. increue in emp 

hat tramf 

The in crease in wutes will aive he 

Stam Cen densed 
Oate Leil Jivehe amounE 

Arais 
Accordi to the En9y bahnce hat lott by te by the 

Steam Egeal o heat obsexved by he Oalea Steam 

Ms hs-h») : MCT- Tr) 
Ms maJs Steam Ms 
hs Erkpy stam 

h Entlalpy uoater. 
hs 

Cp 42 kJ, 
CPW Speche hat o caketa CPw 
M M +Mo 

AT: aré tho final inital tem perata e 

We kroo that hth 

Ms (h+z hyq -Ks ) M CPh (T -T;) 

Ms (h4a) = M CPw (T -T) 

cnye fraction M M CPT -T:) 

Msh4 



. Sepea Ho Calzume ter 

Stea 

Pressune zuaye 

, Bafte phke 

Inne clambez. 

Spexaténg ckarmker 
ZZZAZID 

Calbrakd 
S Wates Sepealed 

Bucket 
Calorimeles. 

The wet Steam Eterthe inne Chamben o 

Sepexating Calonimekr throyh a tube i'n. the innen 

Chambes h Galonmeku gapki. Baffle pale are 

auarged in Such a mannen asanqed to Sepeated the 

moistune ren Steam 

The 

Hen te the Stea m Ente the Sepexator & unde 
Sudden reveue flouo direcfi n hen tt stríkes 

t Platey 

Th is Cauwes mley Paxtiles which hae areaten dreaber 
ineta to Sepeate frm the wet Seam. 



The Oten u Ceklecte d in the botfem pOrtten q bottom 

inne Chamber whfch is measlor ed with the bel 

ora dua te d Sale Sho oing the 9uenky giCeter 
Sep &ated. 
The dry Steam 
he onphy Spal e and 

bucket Calorimeter 
inthis 

mDves upLOcnds and Entw 

gpes dOon cOco tp 

T amount of team Cendend- 

Can be cOhted at dffereot intexvals 

time 
dnus lan be alaatd as 

my+ 

h ene m, mms oh dry tam Cendensed 

t bucket Calonimeter 

Tbrottlia alonimete: 
Sonpliq kule 

Thesuno mcttu 
Throttle alve 

Preasre 

Enune 
meter- 

Lhuaie 

To CondenleF 



Ln this Calornmelen basic princple ced u tU tru tro ttipg 
Proce .e AO Enthalpy pro cex ie b h 

The sam u SuPplied to the 
ini tial Preure h sttam Cane 

the hele preae quage CD. 

Scampli nT tube cchen 

throttl e vaulve nwlick This stcom u Supplied to 

eothalpfis Cenutant. 

ith the help hesmOneki 
h 

heh and mao mettr fim /0 
Cendition ica 
(.eP T 0e meauaed 

S 

* Tan The H-3 diggram or the Calorimeter is drauon 

b, = h 

h +X, htn,- b , 
at. R bo) out Pb 

T 

hith the help o abeue Eguakien fnitfo Ceditfeo 
drynen frachion Can be Calclate d 

Problem 

0 M pa ond Steam u Cemi out alorim efex at 

.hrottkina Calorime te has Steam Enttxuna prenae at 

0.05Mp0 0nd (0o'c deltamine the d *nen ra tion 
O the Seam 

Sol P O.05Mpa 

05 ban 
T100'c 

Given P l0 M pa 
(0 x10 k Pa 

k /m 

00 ban 



Prem Sttam ta bles 
Frem Steam tabes 

of RIco bot 
at R 0.5ha 

T1O0c 

1408 1 
b, 266 2 6 kJk 

hfa1519.7 

h, hf+3,a, 

Oe ouo that 

h, h 

hf+, h44, 2682 6 

(A08 )+ N, (13/h-1) = 268 2 6 

M, (131T) = 12 74-5 

drynen fact on 0-657 

Sepea tingb throttlira Calo rnttr e 

Thewmeley 

Sysulato 

ZZZZLZULIN 

rere 
Tuage 

ZZZZ72z zzz 

zZ 
(m+9)O 

Sanplir 

tube 

rano 
meke 

(R 

Thwettl 

valve 

Srp exaha 

Spce nt 
Throttin u 



Workio9 
hen the pe oSteam i 

vey oet Cenbined Sepeiy T 

and thrO tting Calorim ckx h,-hs sd 

*Tt Cemish 0 teoo unik 

nSepeaiog canit mersfne 

Speated br c hange in 
due t 

direchen fleco n anty 
S 

thottley unit Sttam pases throuyh th rottle valwe 
af Censtar Enthalpy 

throu 
Quanktie4 o co aten Celle che d from both tta unfts 
G9te meaAtned 

Presume P, and P and aluo Temperare ane 

aluo rofe d 

2n4He abeve H-s diogram proCem -2 u mit 
S epeatien rem tWet Steam23 thot lipa Pre 

total quontity f utt Skeam 
Suppied 

Let +m 

mass ate Colected n 

Sepeatirt unit 
mas s coate» Collec ted in the 

throttina unit. 

e know that 
mas of 3ftam 

dny nex fracHen = 

Totnl quanti 
n Sepeatt unit 

m 

dryneractien , Mtm 



In thottins, unit -

Entire Cunit fina! For the 
-Mz 

drynes-frachion of Stam 
m+m) 

m+m 

x 
m+m 

M M) m(mtm,) - m(m+m) w 
m(m+m) -

mtm 

m-m)(m+m») 
m (m+m1) wtMi 

Y 

m-M2 

, X X2 

Problen! 

2o a Sepeatng threttir Calonimnekty tprevme Steam 

before throtling ia 10 ba the prenc and temp4 Stam 

after thoti r 
0.6 ka ot watt» u tdasped and 3 4 k Condenged 

COater is Celleched frem the CendendeI Detemire 

the drH nen ac Hion oh Steam in the maln Ppe 

Take Speti fic htat at onat pred nC uN 

Il ba and lioc. dt t Spent 

ine 
nSeperakira onit 

P O ba 

Pl/ba 

T2 l1OcC 

Sd Gven 
0 6 
M+M34 +0.6 



In SepeaHa unif 

mtM 

34 
3A+0 6 

3A O 85 

rem Steam toka ote l) h 

P10 ban 
Frem Steamn taßlu 

Cund Tp = ll0c 

h26 71-6P], 
b = ha 

h76.6 

he 2013 6 hR - hg 

h2 hf,+X» hfa 2679 6+2-0-f:3 
ha2675.77 J 

h3162.6 + X_(2013.6) 
265.11-162 6 

2013 6 

0. 0.96 0-&SxO 16 0.16 

an ,*X2 = 085+0- 

Te apact oh pre we Coote u 10 Liteu, tntialy 
it Centain 5 lteu oate and 8.5xIO° m* Steam 
Pn Eguilibrun at 1ban , ffeat a Syppled and the 

relit valve eperM enly when te presu e ez Ceeds 

5 bon 
relief valve 

Gfven 

the 

Cal Culbethe ntat to be Suppkid to epen tha2 

S volume tnter 5l =t:5xtO m 



voume 6tam 85 x lO m 

At 1 ba 

V = 0-00 le43 Va1693 1a 
maAS oOalea (mo) Vo 1-5x 1O-1438 k 

0-001043 

8 8.5x1 = 5:0l8AD°k 
Specific volume oh mixtuae Total vo 

3 

mesS o tam (m,) -
V T6937 

( 438+5 0 1g x lo 
V o929x 1o m 

initfal ntenal Enoa4 Stam and tOale in Cooke 
At 1 ba 

mo(hs) + Ms, (h- PV^ 

1438(411-5)+5.0/g xlo °(2675-4 
(0oC1 613 

U 612 94 kJ 
At 5 ba 

In preRtou Leeken, vtume ettant 

VV 

V+ 6929 xi0* 
frem Stea 

tasles 

0-O01013+1, (0.373567)=6-929x03 Ool03 
2 O.0156 0-373567 

mas s ovapen(Ms,) = Tofamusx 

(l 436+5- 018 X10a00s 
00225 F 



Mas o caten (mw) : lo 4 38- O 0125 
maxs e 

415 
At 5ho 

m ht tMs, ( ha Pv) 
IA15 (6AD-1) +0 025 (274 7.5 500x 0.3TA66) 

163.34 

teat Sppi cd o epen Tehaf vake 

U-u, 

63-G5 612-9� 

3 50 A05 kJ 
Folleoina Obsevatier ce reCencded n a uipment 

ith c Cembined Sepeat throtliv alonmelen. 
Prenuae in steam rauAe u 15 bN mais q Occtend 
frem tte Sepexahen u 0.55 k mas o steam. Condeved 

aflen pai- thouyh trottirg thdeu A2kq PredunMe 
and femp at the 

drynnrachon. 

Follesina 
man . 

thottlirate lbon k12oc Evalute 
I5boa 

bon Gven 
P, z5ban 

P ban T =12De h 20 bal 
AF R15 ban 

Prem sttam tablea 45 3 

h,8HA h 8446 
S 



At Iba 20 c 
Sfeamles 

13 99.63 c z 372-63k 

Plbu T 120c 120t 21 3 

-13 Frem 
h 2615-4 

hhg t Crs (TsTs) 
2675.4t 21 (393 -312.63 ) 

h3 2118.177 

frem T- s diarum 

h h3 
1945.3 

84-6+ ( ) = 21|9.177 
1445 3 

(8a) 1873.517| 
0 6313o 

Civen 
m: A 2 k 

m O55 ka 

In Sepeakint unt 

2 
A.2+065 

0 8842 
mtm 

dre nerachion 1 1,(«) 
0.6 31D (o-stA2) 
= 0. 851599 

Allernalive nethad 

A +0 frterpole tien method 

s + 



Perfect Gas lauos 
Perfect qas or) Tdeal ga -

cchich don't C hange therr phases 

proce and Obey a set 
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Ctaxes 
daaina thexmodynamic
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knoon as idal ae 
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RT P 
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ideal aas 
ACalle d ideal State 
Called ideal gay behaviown Thu tate o zero prtBu 
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U 4(T) alene 

There i no pefe cE gas Seme aies i ke H,air 
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PvPV V 
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V T 
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Chorles aLo state tat P 

prexue otven mak 
a eche aiu directel 
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T 
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R PV 
T h xe R u the 

T 
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(v 22-4 termpesolwe SaE. 

:R n 
M (uni vemal qes Cendtant 

A Cemmon forall tha 
oses and t u Con huut 

value ie R8. 3/4 kJk 

Pv m RT 

Pv nRT tohene 
n:0 mdecdes 

P 01325x10 N/, 
R Py 

nT 

V22.4 m 
T23 k 

R 3-3A kS/1 

OE, olar e M melar 



For ar R0.287 k k 
univeal qu Cenkiant R Ckasac terishfesaslemt x 

mdeculan oelyut 
R Rxm 

Speciffc beat tu de-fined a the uantita of hat 

reg uired to railTko emp of unft ma 

by Onedetee 

SRefc 
heat o wahe 

CPw 4 2 kk k 

tam) CPs 2. leT|kk 

CPa 1.005 kT|k. 
heat The obsewin Capaitt co coote much hhe 

than air. 

i 1 kaoater require3 A2 J o hat 

to raie it'stempexatne by Oe dearee 

and here aa-for air 1 kt heat ia Sufficient. 

batina iu dene io tuo uas. 

iCestant voume 
Cen Sleunt prenne. 

AU+ 
MCp 0T mey 4T + e (va-V 

m cp (T-T) mCy (T-T)+mR(T-Ti) 

Cp Cy tR 

divide C th C 

CP CV 
Cv Cv Cv CP-Rt)> CyR 

Cv Cv Cy Cv 



Cp- R Cp F ( 
Cp R 

Cp (cv) 
Ce- 

Cp- 

+ 
RMR 

Problem 

.Colcasla te thego Censtant for ox1gen, Nitrogen 
Castb en dioxi de, Cooben mo oxi de and air shere 

R 8.A &Tk-K 
R R xm 

S Given 

mtcot O, 3 
R 

N2 28 

CO A4 

air>R 

p-1 3 
N R 8.314, 

R-87 Co> 8 CO R 8.314 
AA Qir%Gu7 

Co R -8.314 
8 

&-314 
Fa agRLUT. 

Pind tta mole Culan coeight and cu Ceatant for 

he a whose Specife heat as fo LeD 6. 

Cp I967 k Tkk 

Cv I5o7 (T| ka k 

he a 

Given Cp19G1 4k 

Cp Cy = R 

R0 6 J/k k 

R 
0 

8:314 
R R m R 



3 rt ka idea as A 

aasume R 287 J|k 
8o4 Cal alate i. Spciffc ha 

Change 

hated frem 8.3c to13-4c 
and = = 1.18 for tto 

Ckange in ntexnal En ey 

R 287 T/k 267 kJ|kk 
118.3e 291 3 k 

Se Given 

T 3.4c 366-Ak 

Cy R 0-287 .5944 kJ|k 
I18 

Cp-Cy R 

Cp Rt Cy 8614 J| kak . 

Change in interral Enexay Au = m Cy 47 

mc (T-T) 

1.514 4 (366-4-2943) 

Au 9 .13944 kJ 
4 Fiod he mdeculon eht and tas CenMtant h ae 

Speciffc beats ade as folte0s Cp1.826 T|k 
Cy -23 kT|k 

Given p826 kT/kk R 831� &Jlk 

Cp Cy R 

R O.596 kT|ak 
M 

r3.1496 6 



5.A Sphexical shape balléon 12 diameter Contains Ryga= 
5. A 

at 30c and 1-21 b find the mass o hydagen tn tte 

balleon 

Given 
D=I2mn T =Gm V -l 

3 P1-21 ba = 21 kpa 

T 30c -303k 
904 1786 m 

R o 4-157 k/ka 
M 

Coeiz 

PvemRT M2 

m PV -
(21x 04-778 6xe 

A-15 7x 30 3 RT 

masstdigren m&6-1/7 kg 
. Defoxmine tte vcdume 3k oh air ata prekunE 

295 bo and temp o AO'C a1scume Gp 1.005kT 
and Cy0-118 k| 

Sd Gfven 
m3 ka Cp l00 5 kJkk 

Cy 0 118 kJk P 2-95 bo 
T313 k 

R Cp- Cv
R 0.287 kJlk, k 

VEmRT- 3 x0.287x 3/3 
25 P 

3 VE 0 35 m 



7. Df the ratfo's Spechc heat -for Oxygen iu l-4 tion 

Calcaulate Cp and Cv Cv 

Given Ce 4 
Cv 

For 0xnen 
R 2. 0:64953 k/ -1 

Cv R R 

$ 340.2518125 KJk 
3 

Cp R 0 0934 kT 
. 

5 ka air at6 ban & volune of 0-2 34, air u 

Epanded to a vou m e o t to) m Calcuhte the ork 

den eR heat tronstormen by. tHe air. b 
. 4 tta poceK u 4othexmal 

3f-+ta proCen u adiabatfc. 

Given ml5 kg 
PiE6ban - 600kpa 

V 0.2 V2 l|m 

. the Proe u Sso hexmal 
OOrkdene (o D) P,v, ln () 

Go0x 02 kn () 

204 56977 KJ 
Heak trantfer aut w fn uothena!

AU :0 

T204 56T1 k f 4R procen u adiabatic 
co.DE PV,- Rv 

-
48-3045 KJJ 

Pc 
PVAV 

P 55-162-kpo tteat transfor « O (adia batfi pocen) 



Throttlina erocen 

Tuid 

P,T, PTh 

Tt an îrreveuible prOCess in oh
h the 

Preae of th e flufd u reduced by keepia an 

obstrocHen in it's floo pàth toith out any chonge 
in ethalpy unden adiabatic Conditio. 

A Huid at P,7 ia mae to #bo throuh throttle 

Volve h th u the mally nsubted and fluid Comes 

Out with a Prenoe <P 

the 

By applya Stexdy tecD Eneay uaHon (SFEE) 

m(hit + 71) + 9, m(h+t )+w 

h b 
Since t u intuated 

Spstem doein't &change tDork fiom 
e Scwooundi rat 

neet the kînehic and potentfal inergy 

bh 
Th Enthalpy before throttirg = inthalpy aften Th 

ANOTE 
For an ideak ga emp remin cent dusipa thvo 

thoott 

For real pal -tem y not Const deoun thuotliing 



FreeExpandion proces. 

Pextet 
Ry,, T 

vacCumn 

Before Bondoty 
Epani on 2make d 

veJs 
, 

Afte 

Expanim 
Py 

* t y a nen fle irreveruible proce and theamodyrae 

Procexs 

t oCawu 
when a fluíd u aloed to Expand Suden 

into a vacCum Chomben through 
an onke ange digento 

into a 

achenaaas is mmde to Expand into VacCum chieh 

OPpe n0 resisticher)for its Expansien 4 knecon a 

free ExpaMien proces Lt alio known as Conyhan free 
nternal Eneey Prote 

Even ven aftey epanien their is 0 Change in tebrnkur 

u be cause igfd veel ohich man OLOork 

being dene. 
Proce : 0 W 0;: Preßie 

For free ExponAion 

temp deCreauer; vume increae3 Au=0. 



Dutch physicist Shane aun cla Lals (18 s7 23) 

Vanden co5 &uaten State (tor ral pas) 
forces T5e ecl aasses bel intexmole culasn cttractive forces 

and hence the preuoe E Her led byrnole cudes en the 

Centaina colls s lex than the ac teumal prewne 

Fuothen the no'omoleCules fn the Centaine1 yais 
Sane vdume and hence 

have afreedem to move thrdh out he 

Each moleceule oill not 

Centaine voiume 

So The actal votume aaable s len than the 

volum e the Centainen 
This reduct en én vdume furthex incrases the 

Presue othe aa 

Vanden coo has proposed a Correc ten tactor for botk 

voumee. Prekcoe and 

The Euatien i3 tated a3 

P+ b) RT 0 

lhene a, b ane Censtonts Cohich &n delem 

Expei mentally 
ond V Specite votume in m mode 

As the preune approackes zero and Specihe the 
vaume approaches nhinlty and b ane ngbabke 
and the Eguatien reduces to V PV RT 

That the reauo why all realgal Se3 be have tke 

ideao 
ke 

dea gas au Preuie approaches -to #ero Or volume 

u fneinitty len Such thaf the voume OCoupped 

b moleales s relatve ly ligabe lena. 
an be 

The vondeaoall's Censtants a, ardb an be 

Ce ple ted ntexm Oifs propeniHes Corrapondi
to the Cri tital points by takirgr first and Second 



deivatves of prew1e 
ond aua Hog h em to terO 

coith r eapect to vou me 

Vanden all's huartion at Criticad Stat 

RT 
(V-b) 

P VeT e values at critfo 
State Whee 

At critfla State, ()0.( 0 ovT 
Ffeertiote E 

20 -RTe 

e 2s ( Ve- b 
RT (% -1)> 

Aqain diPferentfate E 

2RTc 
(-5 

Ga 0 

RTe a xb 
V* 

(-b) - 6, (-b)° 
2 

3(v-b) 2Ve 

Ve 3b 
Scbsfi tute 

RT ) 27b 
364 a 



&a 
27Rb 

NoD ubttitute &O0 in 
R (0 RT a 

(3b-b) 

821 
2b 

4a 
21b 

4-a-3a- a 
275 27 

21b4 

divide E i th ) 

8 21b -x R Po R 

R 

RTe b 6 Pe 
ubsthitute & in . 

64 a Pe 
27T R Te 8a 

27RRT 
&P 

a 27 RT 
642 

(ompresibity fac to (chert) 
tu the ratfo actual vdume fthe a to the 

volume pre dicted by the 

ond preKne 

dcal gas &uator at same temp 

Ttu denoted byz 

Vidca 



Pv 
RT 

V 

1 for fd eal as 
Cal 

.Cempresailuty 
factor or ral gaises at Critilal 

PeVe 
RTc 

Peint i3 

a P218 Vc3b ,'e1Rb 
27Rb 

x3b 
RS 

21Rb 

0.375 
Crftfal Cornpreta bikt 

factov 

t.2 

u Ceomidenccd asirctin 
4(.) and Z is 

Ploted ageinet reduced 

Pre une eith reduced 

tmpexakone as apotamefey 

that chot a krouon a 

Tl5 

04 

0-1 

0.5 
O.4 
0.3 

0-2 

o-1 

genealized Cenpreibiltp 
Chant 

0.5 5 2 25 3 3-5 4 

Reduced prerune B 2RE Generalized Compressibibtyche 

Reduced emp T >T: 17 
educed voaume Vy V= Va 

RT RTe 
RT Te 

recueecd (pressbiyuetip 



The +empentre at the 5 Satlent poi oh a a du 
Pro bleme 

Cernbuuion Cytle ae 363K, 88k, 1294 k, 2/35 k ,950k 
find thcma 8fhitiency the Cycle. ai Sume 
Cp 0.2395 +0. 0000 3T and Cy :0.17/+000003T 

Given 
Cp 0.235+0-00003 T 3633k 

988k Cy 0-111+0.000031 

TA 2/3 5k 
Ts 50 k 

s(2-3) o.171+0-00003T) dT : 0-11T+ 0-Do03 

Assume m=l ka &Pfiieny -
CydT 

188 
246-39054 -183. 51D1 
62.8 kJ 

3-) mCpdT 
2135 225% 

(0-2315+0.0005T)AT = |0-1315 T+ 0-0003 
12 

= 577.705875 335-02954 

24 4 67633 kT 

(5-1) MCydT 
365 

(o-111 +0-0000 3T) dT 
950 63 2 

O11 T+ 0-0000 3 
6A.04 9535 -175.8 75 

&6-)--111.93797k 

fHici 
s 



s (1-3) +@(3-4) 6.6 t244 616 33 307 

2The Specihe volume f hydog en at 0'e u 09m 

iDetexmine he preue EMered by H usina vander 
The 

wrl's eguah on 
1. Cemporethe 

results obtainat Censicdexirg by 

Ta ke a -5015 N- mde 
b-0.0262 mde 

al an ileal a 

Given a:25015 N- mdea 25-015 kN-kan 
b0-0262 m°[kg mae 

v 0.9mla 
T: o'c 363 

Vardaal a aion P vRT 
(P+vb) = RT 

P RT 

RR 8.314 A 151 

RT 
4-151(3%3) 

P 
(o ) 

V-b 1616-6567*A 
25015 4157 363) 

(o.9)-0.02b2 
(0.9) 6766 Mpa 

= 66 0467 kpa 

I6964 Mpa 

1ka oh Co has a veume 0-003 m*and a 

Preuore 00 atm Compute the temptt Peteet 

6vandercoad guaton aEuai en 

Given m:1 
V0 003 m* 

PE(o atm 



00 atm = 101 325hn 
10131-5 kpa 

Co 
M 44 

R 8S-0-18895 I atm / 01325a 4A :0 18895 M 

y Pefect fas Euahen 

PV RT 

T V - 10132.5x 0-0o3 
0 186 95 

60.76 k 

Bt Vandexcoall's g uat on 

(P+)(v-b) RT 

bA- 0-16815 (60-315) = 0-000 315 .mo &P 8 (10182 5) 

a 21 R- 21(0«16895) (160-875) 
6ACIO132 5) 

0 o385 K N 
kmofe 64 Pe 

P(v-b) o32tco5. so 

2001 K 

A Detemine the Comprcioltt -factor or oryen 

ro0 ban and 70'c 

. At 50o bov 30 
. At 

Cde T= -/8.12'c and 

P50.6 ban 

P 50ha P-100 bo 
T Toc T 30bon 

Pn O0 -17628 
50.4 0 

T TO 
-118 

30 12 18.1 Oo5726n 



Tem Cempres ibili y Chant 

5. mole otnitrog en i Centained in vekel d 

Voume 3.5 mat 200C. 

prei une Spet hic voume y 
tEvaluate ma, 

C 
E the rato3 6peufe heat u 4 

Subseguentehy the aas Cooa to the atmoyperic 

temp ot 35c 
Evoluate -final prence o ga 

EValuake the increme in speciH internal 

En cgy, d pecife Enthalpy , Etropy and 

magritude san heaf tratiss , ttansfer 

DF he 

md 

N28 

Given 
Ce14 CV 

V3 5mS 

T 200c 413 k 

mas m 28 mde 

T 35c 308k 

83 40.61 i. 

M 28 
P12351ka PV, EmRT 

35 P1 mRTI 26x a»314 x 4T13 
3.5 V 28 

0 125 m P I123-51 kpa 

Cp- Cy R 

dividirt Cy en both sides 
G. 

Ce C R 
Cv Cy 

I4 E 0.2969 C0-2269 r0-7A225 

C: () = 1.0315 kJA 
0 Cv 



TeEntfre proCex A ertant volume pro 

T 

P2 P 125.57 308 
TI 

413 

131 6267 k pa 

SrHea tnm Au my (T-T7) 

26 (o.14) 1)308-475) 

iv. 

3428.164 kJ 

Erthalpy Ah mCp (T-T) 
A &0018 k 

ab mc, to() 
28 (0.741) n(30) 

Entropy 
A13 

Au t 
3428-964 kS 

Shoo that Pv': Cent for reveuible adiabaiec prote 

PV mRT 

DiPfesentatng en both Bide 
Pdv +vdp mRdT 

dT Pdvt vdp 
mR 

Alc to first ad 

do-6u o 
adia adia baHc poen hmt trantfer 

o-u 



N n Cy dT 
Pdv my d T 

Pdv +mc, dT - O 

Sub &0in a 0D 
Pdv tm Cy Pdv+VdP-o 

MR 

Pdv +Cy PdvtvdP-o 
R 

PRdv t Cy (Pdvt Vd P)= o 

R 

PRdV + Cy CPdv +VdP) o 

RCpC 
Cv CPdv+ Vdp) + Pdv (Cp-Cv) 0 

Cv PdVt Cy Vdp + P Cpd v - CyPdvV =o 

divfdina en bo th Sides bCPv 

C Vdp + Pdv Cp 0 

Cv Vdp+ P Cpdv 
Cy PV 

P dV= O 

Tteg raed theabeve 

log. P+ a 
P+lev = lgc 
Pv legc 

PyC 



Dataou JeoaGa aw baou 

bhae puaal ually 

preliclie danl eqalíon S ot homal 

Sas g emaas, 
d At esa, 

davtat em olaal behoaicu 

Cou ayaluen Aa hauiaus 
-

okasuen 
Cas c 

hette faoy 

T ve. occpso y 9 keuln ix vaaiio krall a 

Coupared o vo. oCcupie h u gpy . 

ThaRca althac e» 

T t ausionyaliel atl peauu ah kauups, 

eCce weacada hea Copa 
shen 

Bet at los ap & at (pe,a 

pAuNe i 

hah p los. Bu a ugl vc up, whe 

Sonall attacon becemav 

apprecek CauAnet be qnehac 

oacbhesics ped 
CespoevalslGty daal ga 

eNu 
Yock 

wa yavekd az zPv 
nRT aal 

equalien 



MIXTORE OF PERPECT 

GAS Mixtae of pertec ase' 
A mixtuae is defined as the Cembination A 

different aasSea distingattde frem ene anothe 

by vér toe achemical Structtne 

Air iu mifeae 0,,CO, , Ha,Na, CO EtG. 

Sfnulay the prOduch q Cem butfen in 1-C Enines 
a amílttae variOus 2aue & ke Co, Co, N,0 
CAaten Vapou Efd.

MaAs fractien 
f a mi1tcue Cernfs tt Do o.ot clealaascs 

A, B,C he to tal mas oh miltae u Eg ual o to he 
Sum o individuas OASe cCernpenent ace3 

Tota mas q miztone mo mtbtm 
man tracfien is defined au to rato of maxa sisle 

Cernpenent to the ofa mar ofmínttae Dt iudenotd 

by 'y 
ma fractHon 0 aas a Ja ByT 4 

raxs fracHen of jas'c iy Y 
Sun o am fractend 

Mm 

Ma 

atmist De = 

um d mak fracHen oh all te gases u ua to 
the ene (1) 



Mole fracton Cx )- 
t the ratto o oles îndivid ua 

Cempenentk t0 that total o f molea 

mole -fracten aua a Da 

molefracHoN a b: xL = D 
Om mole frac ReD f a o Xc De 

un mole frachion fo tho mintuie 

xfa t Xptc 

Om Om 

1 

t States that to tal pregcoe Ch a mixtae } 
Daten's lao Additve prex NE 3 -

Prex cet es 

the Censt tu entB Each measuoned alene at the 

temp and v olume 

Pexfect a the Sum Pot'a 

mirtuse 

P Ma a mP 
VT VT VT VT 

Pen Pat PtPt- Pr 

Pa V a RaT 

Pa Ve Oa RT O 

For aal a 

b P V = mRT = h RT 

C P V MeReT - ORT 8 C 

(Pm Pot Rt Pet -) 
mixtere Pm V E Om T 



This u ame as the uate a 3 tate Pofect 

Pv = m RT 

diide E0 w th & 

PaV 
a Na RT 

P V PRT 

Pa a = Xa 
Pr) 

a Fa Aa 
Pm 

Pa Xa 
ParHial pres ne g as A E uas to produt 

ttal pre e f aa mixttoe and mole fracion of 

that ga 

Amogat's lag of Additive volume : 
This ao States that the total volume g 

mixtue Ofoses 4 fhe Sum of Paxticia voume 

ohEnch indviduo ase 

the (prexune and +emp minteoe 
Each measced alene at 

ases 

P Va a RT O 

PVn nm RT> 3 

ivide &0 with &) 

PVa aRT 

P Vm .RT 

Vm 

Va aVm 

mole fractfon x V P 



Equivala 
tilent qas Censtost omiatune 

For the mxtuie c aases 
fthe ofxtuoae Centaím three aases 

PV mRT 

the Pv ma PaT 

Rv PT 
PeV mRT 

6y addia he abeve Equation coeget 

(Pat Po+Pe)v = (ma Rat mb Pp+ e Re)T>OD 

Pm V mm RmT 

By Cempaatirg too Euakons 

mm R = Ma Rat M R+Me Re 

R YaRaty R+ 9. Re 

Av@adõo3 laio addi tive vaume- 

t 3tates thout £gual voume ch all patc-

as at Sane temp and prenune has uol no4F 

moles. 
Volume 1ka moe of all aases at norm 

erese, temP acses C-03 215 bl, °'c) Same 

and u eual tob 22-4 m 
R 8.314 

R P O132 Xlbx 22:4.8314
NT Ix2133 

R I. 
Ra-I tenCe Proved 

MMOle A mole o SubstanCe ba a mas 

numeuCally e2uato the mole Culo cocight of the 

Subotoce 

Mole 

gram mde o N2 282 ram 
mote q O 32 

Lauo additlfve vdumes t- 

trtad natn+et 
Vtotad VatV+ Vet t Samc preßoe& temp 



No O k moles ch aas 
mass o as 

molecukancocight M 
m. 

Molan Volune 
V 

molo Vdume u ratio o total votune d 

oxtur e and no moles 

Totonal Enegy, Entnlpy, Specifc hat 
m?xtcaes 

Acordina to Gibb's theo rem the itennal Enexy 

aA 
mitne u equal to the Sum o lntnl Eneu 

otndivfdua! Cemponent s Each taken at the 

temp k vdume as mitune. 

Theae als o true for Remainina Propexies 

ke enttalpy Ch), Entopy (3), specifie voturmeCG) 
tke 
Speciffc prenoe CCP) , 

F,G 

O Oat+O+ Oet 
Total maK = mm 

m OE Ma Oat m,UtMeUet 
-. 

Ma Va MO, We O 

Cp 
Cy aSva +yCv,t Cet 
H Hat1, H+9He+ 

Gravimetric Zralysis 
When the analysis 4 aa míxtuae fs, ma dc on t 

bafs mas Or) Locht s knoco a ravíme-jric

analysis or) mms3 analysîS. 



m ma+ mtMet 

Ma + mas fracHen = 

Mm 
y at Y,+t 

volumetric analysis 
When the analysis of qas mfxture is ade 

On the basis no moles then tt ia knocon as 

vo lume tric analysis (or) mohn aralysis (s 

Vmat+Vt Ve+ 
mole frac Hen 

total 
X Xa+ XLtXe t--. 1 

1. A qas mtue Censis o0.4 k Co, l kh 4 Co 
and 5 kq Na deteamne 
masS fractien 0f Each Cem penent 

. mole fracten ofEach Cemponet 
Avexas e mobn mas of míxtuae 

al Cenatant mixtwre. 
Given 

mO.A ka 

masO mítttoe = mtM+D3 

m | Ka m3l5 ka 

m O 4t1-1+1-5 3k 
mas-fracHon y, = ML O-4 = O«l33 

Mm 
M28 
Meo4A 

0 = O-366 

3 - :5 0.5 MN28 

No moles, Q«4 : O-O14 3 
MI 28 

a l O-025 
M 44 

5-o-05 36 Ms 
Total no molesa mixtene ntD2tDs 

=0.0929 



mole fracteen X = O.0143, = 0.154 
O.029 

X - O.025 : 0.261 
O.012 

X3 O.053% - 0.576 
O0929 

Avexae molan mass o mixtuae 

3 
32.29 3 mole 

M O0121 
R 8.34 
Mm 32-293 

O.2574 K/kk 

Cowtant míxtune R 

2 A essel o 6m apacity Containi 2 9ases 'a'k'b o 

Propar tion of 45. 56. respec tve ly at 30C #h 

gases 6 0.288 kT/kak and 

2 

Volae 0f R for the 

0295 Tkk ond the total ret m tore iy 
Raxial 

pahate prenure 
k CalClatee 

. Men Value Rin t milts 

Sof Gfuen 
V Gm$ TE 30 C 303k 

Ra O-28& kJ|kq * 
R 0-295 T|K 

m = 0-45 x2 =0.1ka 
M O55 x2 t1 

PV MRT 

Pa MaT - 0-9x0-28 8X 30 Pa 
V 

3-0896 K pa 
0. 1308 ba 

M R [6-3870 ka 
V = O16 88 ba 



R ya Ra t9 s Ra + R 0.29/ 
mwm 

mea alue qh R in s minte 

R Ra - O.2915 kJ|k k use 2 

3. An Engine tties mixtere 4 fuel and air Canistin 3 
Of 0.08 k octane ond 2 a air. he 

in h îtáke maue Preßue and tempa tuaG6 

300 k lo1.3 k a Make CalClatees for 
vdume the mixta e and Poxi@al preae PreBaG 

Of afr n the mixture C 
Cs-12x& 

Gtuen Oc to (C Hig) 
Pt01. 3 kpa mat 0-08 
T: 30ok 

mair (22 kq 

Crnde c t) Moct 14 

Mair 29 

oct oct 0-08 0-00010 
Moct 
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Otto Cycle Diesel Cyce 
Homo0geneus mixtune of 

air and fuel fomed in 
No Canbwrator is cused 
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Process (2-3) Comta vume hat addition Potes 

POCe (3-A) Coratant prenuMe heat addition 

Tsentropic (ompression Proces (1-3) 

proCes (a-5) Tsentopic EnpanAbior) 

Cen Stant volume heat rejechon 

Pruen (5-1) 
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Ot to Cyele - 1-2-3-4 
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Geneca ll y cOork done is re presented a ara OCCupie CHeneall y 
bH P-v diag am ie More anea Pv diogram 

more olbe the Drk one

From the Pv diagramn H Evident that

Aren (h 
Otto 

Ara 
Dicae dual 

tO D o 

Disel Otto dual 

d ual Diese 
As COork dene incranes Efficieny aluo inaE 

otto 

As 

Cane 2- For the Same mazimum pressne & temp k Samc 

heat reje chon 

5 

Otto Cycle CI-6-4-5-1) > = 
Dtsol Cycle > (1-7-4 -5-1) 1 

V 
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Tna Compresdlon anition fnine Oorkia O 
ducl Cembusbion Cyle the presne añd temp 
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Process (4-5) 
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TheimodEfficicncy dual Cycle 
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