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expressiorl for the special case wlrere n = li: cp/cv.
b) What is r1n ideal solLrtion? Cornrrenl on tlre volrrn.rc changc.

entropl, change. iind clrerrical potential change dLrring tlre fbrnration
iderl :olLrtiorrs.
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cnthalpr chlirrge.
of ideal uncl norl

l5l
0) A ccrlain natnral gas has the fbllowing i,olurnctric analysis: 65 percerrt tltir. 8 p.:l'ccirt !i1.

l8 percent N1,3'percent O2, and 6 percent CO:, "l'his gas is norvr Lrurned conrplclcly riiil,
the stoichionretric alnoLlnt of dry air. What is the air-lirel ralio fbr tlris conrbustion
process'7 t5r

d) What is a birrary power c1,cle? Wlrat is the difference betrveen the binarv \/apor po\\er
cycle and the combinecl sas-steam power cycle? 15 j

e) What is therrloelectric pou'er of a thermocoLrple? Sliow that it is given Lrv tlre ciiil'ercrrce
^0,1.,..,i- ^^l-ll-^,...,.,:..,^ l-al()l Ulc ('iluol)\ uanspolt l)atilnletct5 ur Lilu L\\() \\llss. IJ1

PART - B
5 x 10 \'ltrllis'- ,i{}

2. In orcler to cool 1 ton ol n'ater at 20('C in an insLrlaterl tarrk. a pcrs()n pc,Lrls 80 l.g o1 i"u
at 25('C into tlre water. Detenrrine
i) I'hc final eqLrilibriunr terrperature in tlre tanli and

ii) 'l hc energ-\ destro)cd dLrring this process. '['he nrclting tenrperattl'e rtrtcl llte hc:iL rri'

fusion of icc at atr,nosphcric pressurc arc 0"C and 3j3.7 ltJ/l'g t'cslteclivclr. i-rrlic

To =, 20'rC. 13 , 7l
OR

3. In a steam boiler, hot gases from a f-ire transfer heat to rvater rvhich vapot'izcs at cotlsti.lni

temperatllre. In a cefiain case. the gases are coolecl fiorn I 1500C to 600' C' rvhile tlrc lr irte:r

evaporates aL 2500C. "l-he specitic lieal oI gases is 1.005 li.l/kg-K" and the latenl hert. oi'
water at 2500C. is 1860 kJ/kg. All the heat transterr:ed liout the gascs g()cs to thc uriter
I{ou, uruch does the totrl t'ntropy of the conrbined s}stenr of gas ancl \\ater it.tcr.ertsu .r' lr

result of the irreversible heat'trarrsfer? Obtairr the result on the basis of I ltg of uirlcr
evaporated. I1'the ternperature of tlre surrclLrnding is 400C. llnd tlre increase in rrnal'aiiablc
energl due to irreversible Ireat transfer. [1(]i

4. SatLrratcd air at 2"C is reqirired to be sLrpplierl to a room \\here tlte tenll),jnttLIrcr rlt-t:,1 irr'

helcl at 20'rCl u,itlr a relalive hurniditv ot'50?i '['he air is hcatec] anti then rtalcr lrt l() ( i.
spraved in to give the recluired hr.rnridity'. Deternrine thc tetrlteraturc to rr'ltich llrt'air litLtsl
:be heated and tlre rnass r-r1 sl)ra-\ \\ater reqtrirecl per n1-'eir al roorl contl itiorts. '\ssirntt
that the totai pressure is eonstant at 1.013 bar arrd neglect the f.tn po\\cr. llti;
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Notc: TIri' qLrestion papcr colrtairrs t\\o l)arts A arrcl B.

Part A is compulsorlr 1vfiisl-r carries 25 nrarl<s. Ansl'er all tlLrestions in l)art.r1 .

Part B consists of 5 Urrits. Ansrver any one luli qLrestion fiorr eaoh unit. I uclr

question carries 10 marks and rnay have a. b. c as sub questions.

PART - z\

5x5h{arks"'25
l.a) An ideal gas uncJergoes a reversible, steady-flo\^, process irr n'lrich prcssrrrc and volLrrnc

are related by the polvtropic eqlLation Pv.: constant. Neglecting the changcs irr kinctic
and potential energies o1'the flor,r,and essurlrirrg constant spccilie hc.rt'. li) obtair lhe

expression fbr the heal transl'er per unit rrass flou'fbr tlrc proLress ancl iii) evalrratc tiris
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5. Cooling u,ater enters a coolirrg to\\'er at a rate of 100() kg/hr arrd 70"C. \\rater is lrunrpccl

front the basc of the torver at 250C ancl sorne mal<c-urp uatcr is rrclclcii rrficrrrarcls. \ir'
enters the to\\er at l5''C.50% RH. I.0II bar. ancl is clraun fionr thc to\\cr at siitrrl'arili ,rL

350C. I bar. Calculate tire flow rate oIthe d11 air in I'g/h ancl the rnalie'-Lrp uater lcqLrircri
per hour. I t0 

I

6.a) Propanol alcohol (C3H7OH) is burned rvith 50% excess air. Write the balanceri re?iiit)n
equation for cornplete combustion ancl detenline thc air-to-l'uel ratio.

b) Octane (CsHrs) is burned r,i,ith dry air. l'he volurnetric analysrs ol tlre prodrrcls on ri

dry basis is 9.21 percent CO2,0.61 percent CO,7.06 pcrccnt ()2" and 83.12 pcrccnt N.
Deterrrine (i) the air-firel ratio and (ii) theapercentage of thc,uretical air usc'ci. {.1 iri

7.a) I-lor.i, is the heating value ola fi-tel relateci to the errthalpl of conrbrrrtirrrr t,Itlrlt lLre]'?

b) LiqLrid octane (CsHrr) cnters the cornbustiolr charnb,:r'o1'a gas tirr'[rinc stcadilr lt I luni
and 250C, and it is burned lvith air that enters tire corrbustion chanrbcr at the salre slllc.
Deterrnine the adiabatic flame tenrperatLrre fbr i) conrlrlete combustiorr riith 100 percrrnt

theoretical air. ii) conrplcte cornbrrslir'rrr r,r ith ;t00 perceni the irr',:Licirl ziir, iirri
iii) incotnplete courbustion (sorne C'O in tlre proclr:cts) with 90 llercent tlreirrclicul ,rir.

Il iJi

8. An air-concl ilioner ollerates on the vapor- cornpression reliigerltitin cr cle ir illr
refrigerant-134a as thc refiigeraut. Tlre air conditioner is uscd to liccp a rplcc at 2lS (
rvhile re.jecting the waste heat to the arrbient air at 378')fl. Thc rcfrrgcrani cnter: tlrc

colupressor at 180 l<Pa sLrperheated b1' 2.780C at a rate ol 0.06 I<!.,/sancl lruves tiri,
cot.npressor at 1200 liPa ancl 60BoC. R-ii4a is subcooicrl bi'6.3ti')t) r,ri thtr'.\it oi tirr:

concJenser. Determine a) the rate of coolirrg providecl to the spacc. irr Btu/h. anci tire
COI'. b) tlre iserrtropic elficierrcy artd tlru crergy el'licicrrey ol Ilru c()rr]pre\s(,r'. cr tltr'
exerg),destruction in eaclr corrponent of the cycle rncl the tolal e)icrg\ cJcstrlleti()n

in the cy'cle, and d) the minirrurm power input and tlre second-liirv cfflcie ncr o1' tlrc
cr,'c le. I 101

OR
9. A solar collector systern delivers heat to a powerplant. It is u,ell i<nciun that thc thcrtnal

collection efliciency' llsc ol a solar collector dirninishcs u ith incrcasirr!t srrlar ,":ollc.tion

output_ ternperature T1 1. ol' rlo = LA-B-l'11] r!ltere A ancl [J are I'tr0rrn constrinls. jllc
theirnal efficiency of the power plant 11rr, is a flxed fl"action ot'thc (arnot ther-ntrtl

efficiencl,, srrch that qrr, ''- F(l-l-l/T11) lrcre F is a lirttt'urn constitr'tl assLtitrccl ilct'e

ind0pcndent rtl ternperatures and 1'r. is thc condenscr ternperaturc. itls() lonstitnt lbl tlris
problerr. Here. the solar collection terrper-ature T1 1 is llso talicn to bc tlre s()rir'.e

tempcratLlre [br the por,r'cr plant.
a) At what lenrperature Tp1 should the solar collector be clperated trl obt:rirt the rttrrtirt.t rrrtt
overall system effi ciency?
b) Develop an expr ession tbr the rn0xinr trnr overall s) sLelr

.l0. 
Derive expressions for voltage generated. the temperature clrop ancl the Ihcrnral cf-llcit'rrcr
fbr a MI'ID generator, I lOi

OR
I I .a) Derive the theoretical efficierrcy of Fuel cell.

b) Explain the elJ-ect of reactant. flow rates arrcl reactants hurnidity on ccllpcllbnlrance.
lj ii
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