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A LJI-I IORIZt,I) MEM ORANDA
Open book, Open Notes,  Hand calculators are permit tcd.

Studcnts MUST count the number of  pages in th is exarninat ion quest ion paper beforc
beginning to write. and report any discrepancy imrnediately to a proctor. This qucsti(rn pirpL' l
has 2_paget, Tl l t-gltr, ]nqtion question paper MAY be takerr from the exarr-r ination r '()() lr.

R o okl: rS
lmportant Notes:

a) I here are f lvc (,s) qr-restions. Attentpt al l  the questiorrs.
b) Quest ions have di l ferent values as indicated.

QUESTION I  (10 POINTS) An air-standard Otto c1'c le has a conrprcssion rat io o1'10. At
the beginning of  the compressior-r .  thc pressure.  rempcraiurc and rolurre are l -1.7 lh l - in l .
90"F. 0.0196 f l t .  respcct ivel l ' .  1 'he rnaxinrum presslrrc in the cycie is 1000 lb l , / in l .  l ' r i , , , r  a
cold-air  stal tdard anal ls is wi th k:1.4.  calculate the power developecl  by the errginc in Ll t r r  l i r r
one cvcle.

QUESTION 2 (25 POINTS) A steanr po\ver plant operat ing on a lcheat Rankine cycle hus a
net powcr oulput of  l ,<0 MW. Stearr  enters the high-pressurc tLrrbine at  l0 MPa arrc i  .500' ' ( '
(State l )  and expands to I  MPa (Stafe 2).  I t  is  then reheated and enters the lorv-pressurc
tLirbine at  500"C1 (State 3) ra 'here i t  is  expanded to a pressure o1-10 kPa (State. l ) .  Stearn
leaves the condenser as a satr : rated l iquid (State 1i) .  The isentropic r l l lc icncv o1-both tLrrbincs
is 80%. and that of ' the pumlr is 95%.

a) Slrorv the cvclc on a T-^r diagranr
b) Deternr inc:

i )  pun)p \  ( ) r l \  inf  u l .
i i )  enlhalpv of ' t l rc steartr  at  cr i l

steant.
i i i )  the rnral  c l l ic iencl ,  o1' the cycle.
i r , )  l lass l lou,rale of  l l re steant.

with respect to saturat ion l ines.

o1- the lorv-pressure tLrrbinc and state t l re.  cont l i t iorr  o l ' thc
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QUESTION 3 (20 POINTS) Rel i igeranr- l
su;rerhealed vapour at pressLlre of 180 kPa.
kg/s. l t  leaves the conrpressor at pressure and
-l- lre rel i iueranl is cooled irr the condenser 1o
tlre cclr lpressot'  pressure.

34a enters the compressor of a rcf i igeralor as
tenrperature -10"C and nrass f lorv ratc- of  0.0.1
tenrperature of  700 kPa and 50"C. respect ivelr .
24"C. ' fhereaf ier.  the refr iger"ant is exparrdecl to

bK
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a) shor.r, the c1'cle on a T-s diagram. clearly labell ing t lre state points and pressures.
b) calctr iate the quali tv of the refr igerant at t lre end of the thrott l ing process.
c) deternl i l le the rate of heat rentoval from the refi igerated space. arrd the power input to the
conrpressor.
d) what is the isentropic elf iciency o1'the cornpressor?
e) what is the COP of the refr igerator?

QUI'.STlON 4 (25 POIN'IS) A I rt tr r igid ancl uninsulatecl tank contains air insicle at 2'70 I(
and 100 kPa. A -100-W electr ic heater placed in the tank is turned on arrd kept on lbr 60 nrin.
AI ier  th is.  the air  prcssure is nreasured to be 200 kPa. Assunt ing that t l rc surrgupcl i rs
tenrperature is 300 K. determinc

a) the f inal  temperaturc of  a i r  in K.
b) the i;c/ antount of 'heat trarrsl-erred l ionr the taltk 1o surroupclipgs i lr . l .
c) t lre cnlropv generation during this process in . l /K.
d) Whal is the reason lbr entrolr_v production?

Note:  Air  behaves as an ideal  gas wi th constanl  speci f lc  heats and t l re l< inct ic apcl  potcr t ia l
energv changes are negligible.
(Air  constarr ts:  R: 287 . l /kgK; c, :  718 . f /kgK; c, , :  100,5 J ikgK).

QUESTION 5 (20 POINTS) Consider a room heater in the lbrnr a ven'rhirr  rcrr ical  papcl
I rr long and 0.5 nr high. fhe air is al lowed to circulale f i 'eely on both sidcs of the lrca1cr..
T'he heater is generatir lg a powerof 1000 W. When the roorl temperatl lre is nrairrtai lccj at
?4"C. the heater surface temperature reaches at a tenrperature of 7-5nC. The elr issivin cl1-thc
heater surl irce is 0.9.

a) Write down the governing equation for this problenr based on the heat exclrarrse beir,"ccn
the heatel and surroundings.
b) Calculate the convection heat transf-er coeff icienl f iont the heater surlace to antbierrt air- in
W/m2 K.
c) What do 1'ou say about the type of convection process'/
d)  L ist  tu 'o inrportant assunrpt ions used in solv ing th is probrenr.


