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1, A ﬂmd mplq(on-cylmclcr aascmbly expandcd at a prcssure of 21. 0 bars and -
~ volume-of 0.330 it /LL, lo"a. final volyine of 0 683 m‘/kg Ca’lbll,ﬂte the amou
_ oFwork doie in.KJ por kilogram-of fluid if o
!_) .. The p occss oceurs at-constant pressure
u)  Theprocess occurs a conslanl lempet alure. S
3 y—» IftheAuid behayes as an ideal g gas and the process oceurs al constant
temper'uure hnd Ih(, hcat lmmtcn dm ing thc proccss '
@ Waler mmally a S'llu:aled I|qmd at IOO C is conl'uned ina p!ston cyhnder "
2 assembly “Fhie watet. under;_,ocs a process-(o the corresponding saturated” vapou
- -slate, dlll‘ll'lg‘«\\"'llCh (he piston moves f recly in'the cylinder. 1f the change of
~ stateis’ bronq,ht nboul by heatmg the water as it underg,oes the process at
-constant temuamtmc aiid. plcssute deter mine the work and heat transfer per uni
i _mass each 1 KJ/kg Ifthe healmg commucs al.constant pressure 10 4 final qTatn
g where the tem pe.dtu.c of lhb syqtcm ls 250°C; caicuiaie the totai chaige ii.
- -_mt;:rnal ener BY: and (hc toml heat llanﬁf ei-of (he system from the mltml st'ile 10
‘ -.',-the fi nal sfatc lllu:,(mtc (hc pmcesscs on A l"-v o: P-v thag,r'lm '

-

.
-’

@ Alr ina plS[Oll -oylmcch '1ssembl i$ c.ompl cssed polyhoplcally, mdex of
CO‘UPWSSIOH belng, 140 - me an mmal stale with a lempel ature and plessure C

s 27°Cand 3 0 bars respeuwel_y to.a hnal statewith a pregsure of 45.0:bars.
-+ Determine the: change i m internal energy of (he-system and the heat tr ansfer

f:‘wh ’KJ:per Kg ol aig Assumc (hat{he air behaves like an. ideal gaq

Lo e C‘ 0. ms |\ l/KL k c | oozs wlq, 13 R-— 0. 287I\III\1,1\



2.

'occurs in °c and calculate the heat Iost in kd per kg of steam to the’ surroundnngs
during this - process If- the steam I8 fi inally brought to saturated liquid ‘conditiori,

- - state, in kJ/kg ofsteam g ' e‘,ﬁ

8, 30183k0 Duﬂngu,epmms,theMlmnsfef
from the gasis 2.2 kJ Deterrmne » change in specific internal energy of the gas. n

kJ/kg. Kunettc and po{entlal enerny 1‘ ects are negligible.

“assembly is heated 'during 'a":'constant ‘'volume process until the pressure reaches
41.4 bar. The air is then expanded adlabatu:ally and polytropically with index of

expahsion, n berng 14 to a press re of- 276 bar and temperature of 984 °C..

Assuming that the alr thﬂV&ﬁ.-ll‘.‘! n |deal gas and kinetic and potentral energy .

effects are. negljglble —caE:ulate'-ikzr '
@ the temperature of the alrfa t

(b) - the heat transfér dunng eachi ‘ppocess inkl

J A quantity. of air octéupyino ,0".'14 .-, 9,85 bar and 371 °C in. a piston — cylinder Z

(c) the total work produced for the two processes, inkJ ‘ .. Ay,
For air, G, = 0.7165' lekg K, G -4.,0035 kJikg:; KR= 0287kikgK T

‘Steam in a closed vessel lmtlalli{.at '[?bar.r 250 °C is cooled at constant pressure untll

it becomes saturated luapour Determlrle the temp ture at whlch condensaﬁon ﬁrst

calculate the change in intemal energy of the system from the |n|tla| state o the: ﬁnal

Sketch the processes on. a T~v QF: wwﬂm-. i |

G\ . - s pn-“-*' W o A e o



; Wy ol 3.
Prooess1 2 oonstant volume-": Ol

arpressui‘e P =060%ar. A ot e LR
i $ ove sedt A‘,r'*" : i-‘ L Hu(‘(ﬂ
Procéss 2L 3 oompression prboesswllhiav*"'-constarit from state 2 fO A
-state 3'where the préssure Py =3.45 bar and the volume, i e A
Hap02Bmb. o [ el
Sketch the processes on'a -V dlagram_ anid determme thie: total work done on
orbythegasforthe?twopFocess”es.‘;!".ll'_.- A A AL ';,
LR AR i 1. L Tl e

@ Air is compressed g_lah;mauw AP Grr*—dvh“‘a“ asssembly from Py = 1'013 45
~~bar, T, =27°Ctoa state. -where ltﬁ - essutevis.w?bar and the specific vOIume 5
is 0.12284" m’lkg. :ASsUming. ideal gas behaviour ‘and ignoring kinefic- and."j’___
potential energv' effects, calculate he‘work input; in :s.l per kg of air.” If theairis .
. then cooled at constant volume to 8, temperature. of 27 ! C determme the' heat o
transfer for this cooling proFess,gm kﬂgger%g of 3ir: wSketch the tWo processes on 5
‘_p-V or T-v dragram E ;-h | ‘ - g

For aif, Cv = 0.7165 kJ/yg K cp 4 qpas kJ/kg.k R=0 287 lekg K A
“he ’ o,y T ':,.‘ :.v‘-g‘.:".: L '. .__‘ ;'.d'- i" : ..‘ . ‘.-_ Y ‘"%.?'fr%} :.4“- ‘

et B

\\ -l

o
. 3 .
¢ lll * . ‘ ‘ e,

‘Saturated water vapour rmfaally at 2 8 bpr is contamed ing c\osed
voluie 1.70 m® The watenvapour is cooled and.its pressure ¢
Calculate the amoun of energy lost by heat: transfer in. kJ;:

Process and:-the mass of Jsaturaleg “Vapour, ﬂrasent at
Kinetic and potential ¢ energy eff

r_q__atank w\th
rops-19-1.4-bar.* -
by, the coollng
the T{nal state; in Kg:-

B negligible. Sketch th
L P4 - € proc onaT—v
Or p-V diagram, " ;.".-.-'-f' .. ? SR p ess |
v R » ,r AR PRERC I
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i erentiate betyeen

iy Closed system and control volume
i) Adiabatie process and fsothermal process l
i Zeroth Liw of Thermodynamics and First Law of ‘Thermodynamics

A closed igid and well-insulated tank containg 4 two-phase mixture of 0,014 m® of
stturited Niguid water and 3,40 m’ of saturated water vapour, initially at 1,0135 bar.
A prddle wihee) tumed by an external motor stirs the mixture until only Satf.ll‘?.ted
yapour remaing in the tank,  Kinetic and potential energy effects are negllgl.b!e.
Determine the energy transfer by work into the system, in MJ. Indicate the initial
and Tinal states of the system on 4’| =v or p-y diagram.,

A cortamm pas comained in a piston-cylinder system is initially at 1,035 bar and 21 “C
with a specific volume of 0.75 m'fkg, It undergoes polytropic compression during
whiich the work input is 57.0 ki and jts fina) temperature and pressure become 316
YCoand 6,20 bar, respectively, Assume that the gas behaves like an ideal gas and that
kinetic and potential encrgy effects are negligible. Sketch the process on a T-v or
=y iagram and caloulate

v &) the value of the index of compression, n 5

~

”} the mass of the 245 imvolved in the Process, in kg 5 2

¢)  the final volume of the gas, in m’ : £

-
Five ilograms of saturated water vapour at 4.9 bar contained in a piston-cylind
systenn Js superheated at constant volume until it attains a pressure of 10 bar, T
system bs then cooled at constant pressure and the water returns to saturated vapc

Neglect changes in kinetic and potential encrgies, Sketch the processes on a T-v
pev diagram and determine

1’") “lﬁ ’”ﬂyfi"”“” ',I:”jp(_;nﬂ_“r(: m‘i‘-’«h@d b

in ¢ y the system during the heating prox
J ’

by the total work done for the entire process, in k)

/ A
) the total heat transier for the entire process, in kJ. \4

LR T

1.4



e .n ideal gas and that X ¢ atl : i
- < - i ] . il 1 1 4!
st the v S O R v a d C”_ Ol as acl LJIKL t V :
daler sec of the gas in ";‘. din 'LTXEE‘-CSCS: i kg, S el I {tie proe !' ! I,J
P 1}‘,:_,1}%}!'” : _
- [ of saturatec 4 water vapour at 5.9 bar is contoined i @ piston —_ t_,vhnfn"l' L
; 1t s allowed to expand revers ibly ’Cfofuu gtloa l“\\" yy = constant W a )
1 .‘ & gl et b e iy
pressure of 0.8 bar, Find the linalt temperature, | . of the wal2r vapt our  Lallliaw
«lso the work done by the steam and the heal tun for to of frem the cyhnder wahs ‘
r sach in kJ per kg of steam Sket h the process ona T-v Of pv thagram '
: i
’J initially at 17 ©C, 5.0 bar enters @ corpressor operating 1l ste -ady stale W‘“' d
ags flow rate of < |\wb and a velocity, of 160 mfs and is com pres sed polytropically il e
" ¢ A
with index of compression, n=13 ltexitsata pressure of 25 ) bar with & velocity Of i ;
, m/s. Change in potent ial energy is negligible. If the air behaves ke an ) ideal gas, J
. !
Jlyzta the woik requi ired and the heat iransfer, each in fwv. s '
"
Forair, v = 0.7165 kJ/kg.K, Cp = 0035 kdkg K, R = 0,267 kJ'lg K {
” L8 - ry ~rc -
é 5- =gm, eniers a turbine D,)Eudflﬂg at steady state at a pics sure of AU b 1
- A - 'l
emperature of 400 0¢, and with a velocity of 180 m/s through = flow area of 0 00%%:
T g 0 {
- The steam leaves the wroine at 100 “C as saturaied vapall | ~cl with a velocity of
100 m/s. ‘Heat fransfer from the turbing to the suTouncdin : Hcous al a fa
» £ 4anb v 14 ~ et e Aemiial ‘ \
2 52 x 10° kJ/hr, Negiecting potential r:r;erg,f effects, determin:: e POWE developed
by the turbing, | in kKW and the volum etric flow rate of the steam ¢l the exil, in )
S(a) cCialeiheiwo Carnot Corollaries in respect 0} powel er cycles
it L4 fmariy etaty P { losr, H ¢
A sleagy clale, a Sysiem undergoing @ ])(:.'.'i:.r 4(_‘.1'1_,'!‘. 2 has a thennal eiticl cy of &\ h
e /.';v, ¥ sdnring U | ( { h { 1 . 9
zloping 100 MW of power. I dischiarges energy Dy beat Hal sfer 10 couhng
peralure of 21 “C. The temperal f1 ‘ (| , ;
ey T, it "-
-.'.allh‘l L1 ] :n-h .'L.J'. 410NV 6 .,\_i‘:’-“‘ H \ 6 ) ‘.\.‘ ) ‘ H1
waler, in «Jis " the roinimurn i a1 ' oy 4 \ ‘ {
e 'y i JLLE D Liaad v
14 deres A iinn al i ¢
0 e Cooung water in kJis it the b & ol
‘ (LS00 I KV Y 2 [l 2 CoONsidl
unger the sgme iemo i i
gr the same lemperalule Hmils
.(:"". il Dating the Crneffinient i r : f
¥/ iy -t-iu:ll.a Hic LUt .: .r. :-' J"f:"',," J’i{;: - m { \ [ bt
e Hiske il i) U‘.‘:T"" ' ARTAL
~rnditinn dase thie Coaffic “
i it U‘, uu‘u\; l‘"_‘ wOc :'; "r- PRl T, n 1te Ay r - » i |4
-pn'1"? 1 f’\ . i oawiqill e A f § ' .v E: _\urJ ..:. EU‘ .';;
equation for the maximum Coefficient identiyirg t
t
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b Attempt all questions. ' Tine ALowed: 2% Hours b
L. A cylinder contains 0.28 . m’ of an ideal gas at 1.035 bar and 2°¢ vo The g'nltﬂ l comipressed
hE according to the law pV'? = constant uniil the volume is reducel o U 028 m™. Eneriy hy heat
“{, transfer is then supplied at conslant pressure until the volume b eames 0056 0 al cich the
o processes on a p— V diagram and determine: ‘ 1
() the temperature, in K, and pressure, it bar, at the end of ach HGress.
(b) the total change in internal energy, in kl,
(¢c) the work done, in kI, during each process, and ’
o (d) the total heat transfer into or out of the system, in kl. E.
1ot For the gas, Cy = 0.75 kifkg.K, Cp=1.06 kg I, R = 0.31 kl/kp I : i
e! _ % . "
L 2 - Air enters at a rate of 7.2 kg/s into a.compressor operating #l steady slate t.ivnlmu\h,/n
. ‘temperature but with a pressure of 1.013 bar and.a velocity of 6. /s Al exil, the prssure of
(he air is 7.0 bar, the temperature and velocity are 177 0 arel 2.0 m/s, respectively. Ieat
g transler from the compresser (0 its surroundings occurs al a raic « 10 ke and the power mpul
3 to the compressor is 1.186 MW Determine the temperawure ¢ (he air at the infet ol the
| compressor, in °C. Assume that the air behaves like an idzal g and IEnore any chinpes 1n
; " potential energy. L : '
. Tor air, Cy = 0.7165 kl/Kg K, C,=1.0035 Ri/kgJC, R = 0.287 kIt
| . ] :
- 3. - Sleum cnlers & turbine with a negligible velocity at 40 bar and 470 °C and leaves with a-high
' vality is 0.92. 1t flows at o ralc af 2000 kg/hr.

d.

" velosity where the pressure is 0.15 bar Andits g
is well insulated and operales at steady stale and develops o poy
he velocily i he steam

" The turbine ver outpat of 2.0
MW. Neglecting potential energy effects, determine t ut lhc'cv‘ii\ of the
turbine, inm/s. ' : :

V/hat are the two major differences between a heat engine and a rlvigerator?

Wha does the Second Law of Thermodynamics say with respect

(i) a heal engine,
(i)  arcfrigerator? ' .
. ; _ : )

A heat engine is desighed-to operate ;;ra'vc-:ral cycles in a suconc. AL steady stale, e system
develops a power output of 18 kW. Heat addition is al a rate ¢ 21 k) per cyele and comes
from a high lemperature source of 9277C. Energy is rejected by heal ipansfer o coulue waler
it 27 °C. Determine the minimum theoretival number of cycles reaired per minute,

k)

wl ile uperating between o low

A refrigerator achieves a coefficient of performance of 2.5
AL ‘.-;\u‘:lﬂ:,’ state,

temperature.source or compartment of 10 °C and-outside Lerperatare of s
the quantity of heat (or heat load) which it removes from the | temperature compartment

" amounts t0.36000 kJ/br. Determine the actual power, in kKW, recuied by this refirgerator.

What is the minimum theoretical power, in kW, requited [or amy resrigeration cycle aperating
under these conditions? - i , ; S

!
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REBAEATER PRANS

£ 5 ARSIV RARLS 4
EYTEREEY sud DR THOND il ALLOWITE . 5 HORIRS i i
Lo AP yhrder asspmbly CORMGS 1001 kg of air with 1emper dtufe & P T b W7 ‘ »
b, tespectively. The & is Comnpressed pobytropwally with i des tF L i’ “" § H_,,.",- ; %\
iitial state to @ final state where the pressuie Is 9 bar. Assarning. that the £if T8 il 3\
oy & i e it 18
iles! gas, determine the work done and the heat transfer n M, GUI ! J ;
% Y AT gy i ¥
compression is done isothermally, calculate the heat transter to or fron tive system, i o : :
Jir CveD 7165 KI/kp K, Cp=1.0035 KI/kg:K, R=0.287 ki/kg K o ¢ v’
3 Water vapour at a pressure of 8.0 bar and with quality of 0.306 expam ¢C al COTAGTE Fe? v
in @ cylinder behind a piston on supply of heat. Its temperature ruse Ic 20 “C. For the protess, <,
g A f il
talculate the change in mtcma[ energy. the work done and the heat trintier, ali in kifkg. I 1he
heating is done at constant volume, at wh3t temperature and pressu v Jill the waler Vapo
vecome saturated yapour? Calculate the new. quantity of heat supplic @ 10 rhe paston-cylinder
asscmbly, in ki/kg. Sketch the two different processes on T-v OF P diag rinds
3. Air enters an adiabatic cornpressor operating ut steady state oL a 1&% of 1.44 kg/. with 4 v
terperature of 27 °C, a pressure of 2.5 bar and a velocity of 12.0 m/s St the exit, the pressure Wy
of the air is 10.0 bar, the 1emperature and velocity are 1d7 Card 2.0 mfs, ‘c>pecnv<:|,
Calculate the power required by the campressor, in kW. pssuma that the air hehaves hkerm e
~ 2
ideal gas and ignore any changes in potential energy. For air, v=0 715 kifkgK, Cp=1 G§ 5 > 83
i 8 A, LB e
ki/fug K, R=0.287 ki/ig:K. A §., . W &
1 U
4. Aturbine is driven by steam which enters the turbine at.45 bar and 41 (- with a velouty o ub
/s, At steady state, the system leaves the-turbine exhaust af a piesuurs of 1.0 bar with a
iémperaiure and a velocity of 115 "C and 400 mys, respectively. The | cat loss from the turBine ‘i
1o the surrcundings amounts to 10° /i end the power developed b e furhine is 1448 My '
Iveglect changesin potential energy and:determine the mass flow rate Gi the steani /s P /
T -
J A -
5.(z) Stote any four applications of the Second Law.of Thermodynamicg !
bj A ady state, a Carnpot power cycle gentratps a net electrical pow 2« f 10U MW O tieat i e
cocling water with a-temperature of.30 "€ acting as a cold reserve ir. Determing the thermat
efficiency of the power cycle. If the average temperature of the hot source which provides the
working steam is 780 “C, and the heat supply Qﬁi"’f’”‘!zﬁﬂ.""‘i‘f&u B s romaln constany, what s 5a)
. : . 1€
the minimum theoretical rate at which the encizy could he discharg 2d 10 the COld reservon, in E?‘
Mw? ?
L - 4 (b}
{c) A Carnol vapour power Lycle: uses 4.0 kg of stearm as @ workng > ) 1) During the isoth 1l'tml
expansion, the water is fheated from its initial sature ted hquid whelre the ;\uu%m! _ o
= L
o temperature are 40 var and 250.4 °C, respeciively until it 1s saturate ¢ vapour The vapour] men
TRer L : " o &
,rf:«;f/ expands to a pressure of 3.0 bar while ¢ 2ing 650 ki/kg of WO k. Colotiate the work Ju(l h\
1‘“ .
transfer, in kJ, for each of the expansion processes of the c;cie. Sketlls the cycle ona pv

diagram. .
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t 1.35 bar,

contains air initially at }.- '
kJ, determine the

(4 \i*"'."* " 3
A ‘Mr_:gl_d’u}_nk, with a volume of 0.973 m’,

32 9C. If the air receives a heat transfer of magnitude 67.71 e s
final temperature, in OC and the final pressure, in bar. Assume that
behaves like an ideal gas.

For air, Cv =0.7165 kJ/kg.K, Cp = 1.0035 kJ/kg.K, R= 0.287 ki/kg.K .

bon monoxide gas. The gas expands
5 bar,

A piston-cylinder assembly contains 3 kg of car
d pressure are 427 OC and

from an initial state where the temperature an e
respectively, to a final state where the pressure is 2 bar. During the process, t €
= constant. The carbon monoxide

pressure and specific volume are related by pv'? e

gas behaves like an ideal gas and kinetic and potential energy effects are negligible.

Determine the heat transfer during the process, in kJ. For carbon monoxide gas, Cv =
P e R

0.7445 kJ/kg K, Cp.= 1.0413 kJ/kg K, R = 0.2968 kl/kg K.
A piston-cylinder system containing 1 kg of saturated water vapour at 12 bar

undergoes a power cycle composed of the following four processes:
Process 1 — 2: Constant pressure heating at 12 bar from saturated vapour to attain a

specific volume of 0.392 m’/kg
Process 2 — 3: Constant volume cooling to a pressure of 5 bar and temperature of

170°C.
Process 3 — 4: Isothermal compression with heat loss of 801.15 kI to a two-phase

liquid-vapour mixture with quality of 67.1%.
Process 4 — 1: Constant volume heating to original state.

Kinetic and potential energy effects are negligible. Sketch the cycle on a T-v or p-v
diagram and determine the net work and heat transfer for the cycle, in kJ and the

thermal efficiency of the power cycle.
Nitrogen gas is cgmpressed at steady state from a pressure of 1.5 bar and a
temperature of 27 “C to a pressure of 5.0 bar and a temperature of 60 °C. The gas

enters the compressor through a 0.3 m diameter pipe with a velocity of 13 m/s and
leaves with a velocity of 30 m/s. Heat transfer rate from the compressor to its
surroundings occurs at a rate of 32 kJ per kg of nitrogen flowing. Assume that the
nitrogen gas behaves like an ideal gas and neglect potential energy effects. Calculate
the mass flow rate of the nitrogen gas, in kg/s and the ¢ompressor power inbut, in kW

For nitrogen, Cv = 0.7448 kJ/kg.K, Cp=1.0416 kl/kg K, R = 0.2968 kl/kg.K

A steam power plan.t has a turbing operating at steady state. Steam at 52 bar, 510 °C
enters the turbine with a volumetric flow rate of 0.4008 m*/s and with a veloc’ity of 70 4x
b&m\,‘\?—?{&'\) Aq

OZHEHFSS kT
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m/s. The steam leaves the turbine exhaust at a temperature of 105 ©C with specific
volume of 1.170 m’/kg and with a velocity of 450 m/s. The resulting power outpout
energy and sketch the process

of the turbine is 5.76 MW. Neglect changes in potential

on a T-v or p-v diagram. Determine
(a)  the volumetric flow rate of the steam at the turbine
the heat transfer from the turbine to its surroundings, in MJ/min

®)

The Second Law of Thermodynamics is important in en.gineering practice. State four
major applications of the Law. in engineefing.

~

A system operating\z;t \steadi/ sta‘t%#émd undergoing a power cycle has a thermal
efficiency of 40% with a net power output of 200 kW. It discharges energy by heat
transfer to cooling water at a temperatare of 21 OC. The temperature of the system’s
hot reservoir is 480 °C. Determine the rate at which energy is discharged to the
cooling water, in kJ/s. If the system eventually is able to attain Carnot efficiency
while the energy drawn from the hot reservoir remains constant under the same
temperature limits, calculate the power developed by the system, in kW and the

minimum theoretical rate at which energy is discharged to the cooling water, in kJ/s.

exit, in m*/s

At steady state, a refiigeration system removes 300 kJ/min of energy by heat transfer
from a cold space maintained at -20 OC and discharges energy by heat transfer to its
surroundings at 30 °C. If the coefficient of performance of the cycle is 25% of that of
a reversible refrigeration cycle operating between thermal reservoirs at these two
temperatures, determine the power input to the cycle, in kW and the heat transfer to

the surroundings, in kJ/min. Al
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o 'I, entrof eI‘fOl'maIl .
pOGLﬁCl P t o the [}U_I'I'O“L]]Jdmﬁs 'WhlGh ﬂI’o Il R

Sy tead stata 'Liﬁfi'igerﬂ i 2 T;es] eat
& e ::gnfpaxtglllent ai O °C at the th. of @@"aﬂd,m—schm 3

5 30 Iﬂ‘lﬂ‘-]-mgs'rm .1 four an,swr:.]
(13 ~ ; Lnﬂ;} e\fu‘sxblb’ or llTCVGI'S'bly? Gwe reasons ftzn erated yeuETE
st 1\5‘ mamﬁ;qemtm :’1 efigéintor, AW, ‘wihon the syster Ope; i it
R (m} Detmmme {hoﬂf Owue\ urm"y ‘-‘-eihe h"st mmr; {cd' Lrom thu ﬁGBZBl‘ c.omp et 4
X f Lx ‘VhLﬂ lt Opel 65 i i ) 2 L i _. o e N .
.vcopsmtundrsr the szlm*' tl:mpcmtmu fmidts - ™ e B
ff - Cadle!
-5 -X - y ot e }
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w‘“UNlVERSITYD L R S %,
FNIG Sl i
. DEPARTIMERT Ql\rl MEE*E?, N°U1<KA '51?,-;‘,'
- FIRSTSEMESTER yjy, Q{A‘;ICQL ENGINEERING SR
Mezs = A g
; 1: TH‘ERMODYNAMICS | R : arfhe .
KN ATTEMPT ALL . s i A 4 =
L J QUESTlGNs .IME ALLOWED’* 2‘/; HC)URS V b
G T R S S i o
R 5 t) respe““’ﬂl’ ThE i s’ omip: ssed polytroprtally wlth Tndex: of comprtssron 0=, from L
Y’;c,’/ ‘ f~_~,.': r;' ial state tD a l‘lnal state whele the pressure isig bk Assumlng that thelalr behaves like -
, "y C)I% A eal gas determlne the WOI’k dnne' and’ the l-reat transfer in- Nll clurmg'tha pricess., If
\l\ //«\ COmPrESSIOD IS done ..othermally,\calculate the heat transfer to or from the ;ystem |n lle
IR EE a'f CV‘D 716,.5 Ll/rg K p—t 0035 Idjltg K RwD 237 ld/kg l< '
v\ 2 Vi “L"""..-
h - 2 Water Vapuur at 4 pressure of,8 a bar ancl wrth qualrty of0,806 expanded lzonslanLDf_L “
’)ijn’ L “ina cyllnder behrnd a. prsron on s rpply of. heat lts temperature rose 1o 300 r
_‘_,JV : Calculate the change in lnternal Ll Ll’gy, the « o “‘elp ‘and the heattransfe all in J..E]'f ;
/, . heatlng is done at. canstanl: xrolume, at-what: temperature and: pressure wrl the watervapr ‘, -
flT_ . ey ber:ome Saturated vapour? Calculate the new: quantrty of Fedt-supplied to the plston cvlrn:
o @‘ : . ' as.sembhT i 'djl(g, Sketcr' the twu dlfferent”processes on: T—v or p y dragram( t .

ol SN '.' - I'UOW’-‘I cycle use‘f 4 G kg of stearn 5. workmg flurd Duru‘g -the--lsotlre 5

te: i 144 lg/s wrt

'ihfe',lsﬁ VA
am', i kgis.

CFENG

- f?coolmg water wrt a’ tempurature .of Ql] o} actrng dsia cold reservorr Detemlne tht “rhr_ E
Y ":‘?ﬁ'"l:rency afathe pawercycle, 1f: the average temperature ifthe’ hiot: source Whlch rprdwr.le e
g G mnsram At

rold;_rt_:sel_xp' 03
.\f' o8 ok v

Wa‘te" 1w heated fraif ts” initidl saturated’ iquid ¢ where ‘the
g o -’ —‘lD bar an* 250.4 "Ly respemvely Gl jtls: saturated vapour "
c}r'i O bar wnlle dorng 650 Jdllrg of wgrl(-' 'Calcdléte :th »’

RU l’ﬁ
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‘4"1‘7,,,,..‘"‘-.?,,}34.\'-,;- Lower,

o UNWERS!‘W C}F NlGEHlA N‘Ul(!(ﬁ
DEPARTMENI‘ UF: MnLHANICAL EN\:{N {
FIF&ST ssmr,s rm &,{AM;NATIDNS %

' A _gJ_', weH - |mu|at(-'cl Lm(t 'WI i) a‘-:/o -rﬂe uf LS 66 m ’Ot’l*’dll\S alr ats 1emperﬁture .wd pressure
ot -";_'-..527 g and .36 bar, e :chtmew 1he anis T\rred bya paddle: whenl Fesulting | Ll CHE‘IG/ transfer by 4
T workits the' gas of mwgmtude 678" »(J,.,«srhmmg idedl, gas behaviour for the air; deteamme the.final,
thDPtatme An°CLand t,he final: pressure; n. bm‘ Neglert kmetu* and poter‘ttm cRe r9y eﬁ?cts
<. For, alr,c ‘Q 7165 !u/kg ¢ c 1003 m/k R O”B/k)/l’g}’ 7 o o i’ v 7 v’
2) /AL‘”SLd °Vstem cumlstlng oF”'kg ofcwbrm chomdega:. |n|t1a1lyat’sta;e 1, ha.,atempr‘ratur o( ; &

a7 °C and' pregsme of 1 O oar. The sys‘mm undﬂrgoec a power cyc!e consisting of tha follong
pf@ce&bc_b o o :

ot T ,_F’MCLS" 1

5 il
. , ,7.: g

)

e on_,tar't volume Wlih hedtaJdn: un 10 .apressure of4 0 bar e e " |
. Process: 2-30 : ofytroplc expansnon wn,[j\ pvHg = constant to; orwmal or easure of 1.0 bar '
; P;ouz:s?; J'conatant plessure compre siun to. Q.)gmal velume: , G e _
'Assummv 1he tdea' ga- -_imoe'-lﬂor carbon momde gas and neglectmg I/metlc and potenhaf c.nerﬂ" :
etfu.t: B , e
i i A |
K SR {a) Sket ch the cycfe on\ap V‘dsagram
.;..‘-’ (hl Zalc , B
0 !-or_ uaq'boﬁ

Lo
.\,

1o><1de,

sHreou .J---E \';U'"Curb st 4 rate of7 mu'if.nm'n Umm’:ﬁai energy effecls are neghg|ble and the ldEDI gas
' :v__mouel can be «..sumed fcr ihe al' Dete:rmme tne power mput to the compressor i IcW for steady
sm ot - state operanon :

_For air. = 0. 7105 i\.l/l g,

: 4 t/» team enters a turbme operatmg at steaay sta ateat :aZD GC a'm 14 bar with.a velomty czf 25 m/s and it
i chvas ac saturdted vapour at O 34 bar witil E ve:omw of 92’ m/J The power:d 4evr=!opr.d by the turbme; ‘

i \lealectmg potentldl Enercy ef pcts Getermmp the mMass: ﬂrw ratp ofthe szeam, in kO/s \_alcu:ate alse
at the .n! and A\x‘t n* the Urbme, in. m /s Sketd” the process ona

O I Y o

, edl gas
asothe ,n.ai eix,.ansron occu\ A 8325 C f‘om R p:cs sure of 387 ban wa
|>oth rmal omprﬂsg"‘" ou:urr a*"‘S °'C Fnom 'areusu.c.o,. ,013 bar*oa pre.swfe
la) The’n!sat ifun fer fc.\ the atr durmg*hw isot ‘1e'm’le‘<93”.5*’°"r
by The wiork. dLme by ot o the air during + +3¢im.0f the-four pr
‘c) The. cyclethermai efhcuencv e
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DEPARTMENT.OF 1
FIRST, SEMEL‘TEFL"
-MARcH 9, ;;(_) B ,.N“w

: .’i:-

A cenam gas ccntalne

SF’LG'FC,VDlmmp‘ d ln a ClObE‘d svsrern__s mmally at 1 035 bar,and 21 C,W- hia 1

\ﬂde/ of Df 0 75- m’/kg . U”demb&“‘ adlabduc 'JOpIC‘ compresslon"wwh
2 Compfessmn = R I ok
’(hc wWork in through -a \JO me". ratlb Durlng ihe ‘gompressio

T thc ey put. is 74 kJ ahd the, ﬂnal tert : 0 .Assum":that A E
R FHand chaves mce an: ldeal gas ano;mac.unef*cwand cntema - Jnerg\'f eﬁer{s, aren -
i givle, CaICU[aie the valuesof &, Qv andFGp of-the gas, each,l "KJ/KQ K and a|5° | '

(_”.’A g i -
:te 'fmne the maSS QT 1’ne gasmya[ved mtne process m k J Sifetcht

of61'

Y One i’Jlogtci\m'o‘i atifatgd ater Vapouf c.t 5,9 bar is ccntamed in a plston — cylmder PR R
- asse”““)‘ s allowexi o rexpand |evers|b!y accordmg to & law, pv-= constantfto a.
5, Plessme of 0.8 b.: Flnd the: fnal temperature in 9C, of: the wazer*vapour Calculate
R also thie WDl'k dorie: by t,";\;s "‘-};haat transfer to of*fromithie cylmcer walT
e »each in KJ per kg Qfstea E CEss: p -V QIAGram. L (o :
3 19 'operatlng -at cte'ldy state Wl’[h:';é'l"._ %
A /a ‘and is- compressed polytropicaliy .
r__@_ssure of 25 0. barw1th a vcloc'ty?-oi -' s ms
_ & ﬁ +hea| bchaves hke an ldeal ga TLEET
e g
- e '-;Steam enters _-a? turbmé operaung

. ‘+emperature of: 40@ GC’; n .,thh avelod fe
S mE The stedr Saies the flrbinesat: 1002 ( -
0" mls: -'HE_I"transfer from the tur‘mne _0"{ , rrcundmgs occurs at 3 raie o :
. { st ;gy SHEES, determlne the; power cevelopec.;,-" k

he v lcmetn |c:‘f|ow rate of the steam at the exﬂ in m- /b

'"';ysxemf dergowm.:d o\;ver cyclcnas thcrmal efwency o."ﬂ} °/( -, . -

while" dgvst@pmmﬁ .prbwen Iridisaharges gnsrey by: teatiiranisfer-to; Gadling.

o wateratd te'mperalure iAot T'T@ Iempér(.ture of the o FeSENOT for thesysier ©.
i5480-°C. Reterming {1} he.J: vhichienergy s actually drscharged tothe ggoling. *

SORE ‘-water inclls. (i) the: mmlrhum heoretical fale: ot which Pﬂ“TQS’ ‘could be d‘SCha‘@bt :
- .'+,\ e coohl"chﬁB\ S ch!s the heﬂ‘t f_mc] _’on {rop the ho‘ ourcp-.remams conatan

_rnde’r ‘he same terrpelature llml_i“. d,h

;é:-i*.*’

.

e
L AFRE
Y
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tLst bemESter Exammatmns AN
. [arch 9;2016.. e oS '::.',' g AT
i/ ME.261: Ther‘modynamxcs.l « Ao S '
Attempt any FOUR QUESTIONS P f.': '::',f, Txme Allowed 2 Hours
mmal pressure of 1. 38 ba:r undcrgOGS Selid

1(&) A Ce"m‘“ gas i, & ﬁrston-eylmder assembly with
-2 where the piessire and -yolume are. 4. 14 bar and 0.0425 m’, respectwely The_.pneasmg; )
. relatlp_n_d-uﬂﬂg%he; processs.ls pV _Egr}si_ant The mtemal enelgy of the gas mcreases by;-l"j .
: Determine: the Heat tr ansfer durmg ‘the process in kJ If this” gas ivete to-beé air hlch behaves gt
1deal gas and it undergoes the sarne ploceSS from stafe 1 1o state 5 and’ obeymg the Samf" puSsure-
. volumé 1e1atron, calculate the ehange An: mterr&l energy and the gear transfer durmg the. pl‘oceSS eﬁChlﬂ

-

.‘J: ' ‘.. o - ;..:'I‘.- o " ‘: a$e '. : .~ { ""_ -" ~‘
A0S e s B T éeerm"- s s: g T

-

a0 (i'i) ,-_A refrweratlon cycle Operates connnuously and: removes energy ﬁom the 1ef gerated space at arate of
W Ay ok 1d/hr For: a Goefﬁclent of performance of 2 5 deterrmne the amouﬂt of heat ICJGCTCC] in lch and

' 'rhe net powel reqmred, m ICW "

'
i

o GRS sys’rem consrstmg of 2 5 T(g ef superheaied water vapour ml’oal]y at 3. O bar ﬂl‘ld occuPY inga

(23_;
_ volume or 1. 585 m3, is compressed 1sothermally to. avolume of 0: 72 m>..The system is then heaied at
\/_-’ . constant volume fo a fmal pressule of 8 5 bar:- Durmg the’ 1sorhermal compressron, theie-is w01 e mputf i
of maamtude 95:8 IJ-into-the systEm inetic arid potentl all energy effects are negh g]ble Determme the',
-1 m_

ﬂue two processes on aT—v diagram. -
>

" heat trans Eer ik, for each process and sketch
e Gas 1s compressed at steady state: from a pressme of. 1 .40 bar and 2 temperaiure of 19 C
4—5"0&1 and a f.empera’cme 0f 90 OC. The gas enters. the compressor through an-area 0¥ *

'-‘W&amhaves wrth arvelocity of 25 m/s i he’ magm’rude of, the hegt
S 20% of the cori ressor ower input.. Assurma'* rhat i

neglectmg,potentral enercry effccts etelmmc the

3V Curbon leX]d
S toa pressure of 3

Lo OIS T with. 0.
Y- transfer. from the! compressor‘to its sunoundmgs i

: e the caxbon chomd' ; gas behaves hke a.n Jdeal gas arrd

m‘
il

: LY
gz
Lo
:T'
“m

a ?—1
=)
PN
]
(@]
@
P‘
=
:3
C..
I
@

=0.1889 k_mcg K

-steady Stete Stéar at 52 bar, 510 C ters the furbine it volumetrc o e
e L R Y S T bine: exhaust at & pressure of l« :

of 0 2004 m fs and 'w;th a r-elocfry of 70 m/s. r[’he steam leaves the tur :
undmgs at the tate of:19.2 MJ/min and

e . = bamocxty oF 450 wls:, Thentm'bme loses' heat to the surTo
I8 il h’mges m potentml energy Sketch the

the power developed by the turbine is 2.88 MW Negleet c .
' ' ; thalpy and .q-uahi}' of he

7 -State any four uses of the Second Law ar. Tﬁermaa’y.:, m/cs £ ol st
eratmg between thermel v

eutes a Camnot power cyc\e whﬂe op
s and 7 I 5 The p;essures at theinitial and final states of the 1sothe1mal expansi n ar "!Bio bar
14.0 bar,’ respechvely The jndex of adiabatic compression’ -and expanslon, k, is 1‘4‘:_- SSUTTHNG
ait behaves Tike an 1deal gas sketch the'cycleona p—V diagram xdenhfymg the proce
tne work done durmg the adrabatte eompressron and lsothermal expm io 1
‘ mal elessures of the 1sothermal cempressron eaCh in bar e

'1;‘0035 kJrkgK R“‘

Fwe krlograms of air exe

Scanned by CamScanner



MID-SEMESTm?ITXBi CHANICAL ENGINEERfNG

Attemp‘r all queshons

l

A Lot
:_Tlcertam gas 15 Contamed in‘a closed cyllnder of an’ 1nternal combustron englne
1€ gas has & specrﬁc volume of O 06 m /kg and 1ts mtemal ener gy 1s 900 kJ/kg'

‘on NIGERIA NSUKKA T

Tune Allowed 1 Hour

oy Wlth a plessure of 55 bar: : From tlns 1n1t1al state, the gas expanded tc a pressure | |
-:"f‘.-"‘»Of L4 bar obeymo the pOl}’TIOplc law py> = constant ‘The internal enel gy after
‘ ,_:{-_;the EXpansron is; 330 kl/kg Negleetmg changes in klnetrc énergy and potentral'

Tyl ge CHETRY,’ s:alculate fhe Heat transfer’ dunng the process m l\J per l{g of gas s th" Gk
B hea’r S a;nsfer tO Or ﬁ‘om the system" State; your reason

2 A tWO phase llfluld-vapoul rmxture of. water at’ 100 C ‘w1th a qua 1‘% of 75% is

y -..contamed in a: plston—cylmder assembly "The ‘water. undergoes a process to-the
L correspondrno saturated vapour state, durrncr which. tl:re prston moves freely in thu

e cyunaer '

g pressure 10 & ﬁnal state ‘where the temperaturé: of the. system is 250°C, cal
“the’ total change 1 mtemal -energy.and fhe- total heat transfer of the system
: the 1n1t1al state to, the Ilnal state. lLlusuate the processes ona T v-or p-v dragr am.

It rne change of srate is orougnr about oy neanng the wa[er "ag’

undergoes. the - process at constan: tempelature and pressure, deterrmne the w -

and “ﬁaﬁ VERNERER EEE BRIt wank in klYke: T the. heating gontinues:at. eon, ;

_L“ '.

’;Fwe lcr.oorarns of arr in a prstcn rylrnder assernbly 1s compressed polytropmall L

s 1ndex of compressron belng 1.40; from - an ‘initial state with a ternperature a el

- ~pressure off ?7 C and 3.0 bar, respecnvely, to-a final state with a pressure of 4] : -

: For alr Cv 0 7165 ld/kgK Cp =1. 0035 kI/kg K R 0.287 ld/lch

Determme ’rhe change 1n mtcmal energy of the .system and tne heat trans*
ach inkJ.. Assurne that the air behaves like an ideal gas.-
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RN 13~ coristarit until iis yolume:becomes 3.0 . ‘Heat s then. added at constant voluii® untjl-the

4. - Superheatecl wafer Vapour enters a turbme operatmg al steady stztt~ wrth a volume flow rate of 3 64

LA plstonﬁcylmder asscmbly coti tams 0 3 m’of I11trt)g‘51'1 gasat hlgh temperafure and presSurc of330

(b} : Whut does the: Second Law of Thermodynarmcs postulate w1th 1espect to (1) a powei‘"oyole', zrud (ii)

{c) .,Nsuld(avEngmccr desrgned a-heat engmc capable of developmg a powcr oatput of 30001(W H"rgh

*(d) ~“The. eoefﬁclent of per formanre of a refrigerter operatmg between a low tc,mpcrature 5

ity ofl‘»ltgem,Nsuldm b 1N
‘Department-of Mechanical. Engmevzrmg

~ First, SemesterExammations S ST e N o
“ME 261: Thermodynamrcsl T " ; g ff?-'
Mareh 9,2017 - ¢ ol
_‘_Attempt any, four Questians SR G

. ‘1.-1 %

Trme All’owed 2Hours g}‘ 2

: -foC and 20.65 bar, 1-5ﬂect1ve15 “The gas is allowed to. cxpand polytropwallv according _ue latﬁ

2.1 pressure'reaches 5. 0-bari Sketch ‘hie two processes ona p: 3V diagtam. - Assuming thiat the. mtrogcn‘_‘;
N Bas behaVes like-an 1dea1 gas and Kiretic-and: potentral energy effects are negng;blc, determme :
C @) theterperature; in °C; at'the end of each process AR D

_.-"(B) e tatnl 9Hange i, mtemal energy, inkJ' .
{c) the-work done, in kJ, clunng each prooess

_ “(d) the'total heat transfer to or from the system, ikl
‘For mtrogeu Cv= 0 745 k}/l(g K Cp =1.04 ”ld/lcg K, R 0 297 kJ[lq, r K-

_ ,Steam initial iy at a pressure and temperature -of 8. bcu aud 660, %€ respectlvely, i contalhed In &
_“.._closed rigid” cylmder wnh a volume of 1,074.m>. "Itis. cooled at constant volume and the - . -
: j_tempcratme -and pressure” dropped:gradually. - Defermine the temperature ‘at which conidensation” =" "’
- g‘m aceurs (state 2).. The temperatire at the final- state (state 3), when the coolir g is stopped is 95 -~
G ‘Calculate .the ttal, amount of heat lost, in kJ; at tlus final state as a result:of-the cooling ", -

&3 process. “Calculate also the mass;i in kg, and volume, in m’, of the saturated vapoul in.the cylmder
‘at the final state Slcetel. the processes onaT-vor p-v dragram - :

o

W

i l__(‘o'npressed air at a pressme of 15bar anda. temperature of 727 0C enters a turbme wrth neglrgrble' )

- velocity and. eXpands in-the. turbine. It leaves the turbire witha pressure and temperature of.1.5, . '
Yar;227-9C; respectrvely, w1th a- velocrty «0f 150:m/s. The turbine operates a adiabatically. and a
it.EZESi_Y_EQt_ and deé el_ops a’ power outpuit- of 5:0' MW., If the: air behaves 111\5 an 1cleal gas an
_changes in potentra energy: are’ neghg1ble deterrrune the volume flow rate of the air,in m /s, att
:;_:.’-_-‘turblne infet. Calculate also: the exit area of the turbme nmZ e T cr v pal ol
. For aif; Cv 07165 chllch, Cp~10028 lJ/lch R= 0287k1/1cg1< : U

; 3/mm at a pressure : and tempelature of-60 bar, 400 O¢, respectively, and with a velocity of 10 m/s. *
“The- steam leaves: ﬂae turbine: exhaust at a low préssure of 1.20 bar with a quality of 90% and a
velocrt} of 50vn;[5 ‘The turbme loses neat to:the sirroundings.at the rate’ of 46.4 kW per kg of
Wla _rsteam. ﬂowmg Changes’ in potential Energy are: negligible. Calculate the power output cleveloped

bv the turbme in kW Sl(etch the proccss ona T-V or p-v d1agram :

5(a) Dcﬁnc thcrrnodynamlc oycle How many processes does system undergo 0. accomphsh Bt
..thermoa,rnamtc cycle'? ' - {0

y B

- arefd Be rltlon eycle'?

~

B ;temperature boilerat927. OC supplies heat to the engine at arate of 4300 k/s while the engine lases ..

.* ‘some heat. to the” surroundmgs at 27 C Does this machine opcrate reversibly, or ureversrbly?
7" Show-your working. - Compute the maximum power tlns ingenious macluuc cm delrver when
3 ',;_':operatmfr under the same conditions. s o w i

. .‘i"makmg compartment) ‘of 0 C "and outside hot environment: with a tempetature of 37_ 0(‘ ,15‘3.'2
"7 rate of heat energy. rcmoved from the low- temperature compaﬂml‘ﬁl‘it is.7.2. MJhr 1
.- actual powef, in kW, ‘requited by this refrigerator. Calculate the minimui. theoretical
‘-kW reqmred by any refrlgeratton sysiem opuaung under these condlUOYiS

S A S
“)ﬁ"""”’ n"_S b

I

"_.>' ,._l
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’E‘E’ATK‘TJ @1’“1&., T @
" Il MEL
bEMH HAN-IC 4 ql i
iy XAMH\JAT'IO%JI& 5 I(’ WJL‘R‘NG

- r-’Decmm 52015 ““NAMICS £

. Azfﬂﬁ %
. g ’P" A” Qll”Sthns

S T tmeAllowed 1 hour

‘(a; Stat Sias, §

4 ) ) \. e tllﬁ-‘ 7L:rlc+],.‘ i C ¥ s y 3
’ 4 IL2WEOT S ST ﬂGciyncmu e Menti or- one main area the law i

a}-’plled In enoﬂleermn pra‘cu ce.

, ( ) ?neizl‘ig 101;:2(1 System has initic] 3 4 pressute of 1.013:bar with a Vohnne e
"Oemmession wmjll an internal energy of 512 %J. It undergoes anlsothermcd Vo
‘ PV = ©OnIIaNE, '8 BN 2 Wlm'v ke premww in 2. Qeé hﬁf C el
~and mtemal energy 15690 kJ. A<sun'mg “that - kmetxc and potentlal energ gy
changes aré negligiblé; calculate the' hear txansfer in kJ, for this- pmcess E L

. hlS gas W ere to, behave like an 1 dezn gis and undergoes the sa.me 1sochenmu |
PN proeess t@ State 2 with: the same pr ssure of 2: 026 Lr, determiné the uﬂerm! - iE
o enemy Ot_the sra“ at: ’ths etf_te a.nd th,.he. ttxansfer for The plocess eaeh in U

|
|
cvlmde- assemblv mltnhy G )n ains 4. 81 i of qam\:atea Water V‘deLU‘ o
o S
at 87.‘-9 b Thu sy stem mderooes ar. adisbatic expanblon to a lower pr zssure ot |
twn-r.»hm_e L'qtm—f ipour mixture of” water wuh quahty of

£
M3
;—4
f

"'l-’..'f‘* DA T S‘.hT]ﬂU D18

335%. ’i?‘-;_m etic and. poten’ual enerpy cffects-are negligible. Determine the wo:hf
done by the' bYST.G'll """ 6 M7 and the chinge . volume of the system, in m’ |

B L{enen th~ Droceqs ona T v or p-vd wrr IFIL.

Wl

&bun dmude i CO') } gas in a slstc 1—cy11nde1 aqsembly is initially at‘ 4, i‘
a3y te*np 1ature of 25.9C; pressure of 1. \/j 3 | ar and voiume measuring.0:25' m. It

s’ conml essm polytrop;eﬂly wah mv 't 2. donstant. During the process,. the
Assurmng that COy behaves like an
o changes are negligible, determine

i dl’lufbl‘ in kJ. .;tate whether the he'v

’ amoum ot wo;:c mput to the gas'is 95 ki
o 1.mud.l 5as and: kmetic and potenua‘ BTV
' "be tmal temperamle in C and the. h'—\l

'LT.'_LJSICI' 4s to ar “rom Lhe sy stem, gwmg 3 nar 1e°lson(s) 8 4 _» ok

C.Vp O 81(15 <1/Pg K R 0 10691(]/1@1(

) For coq, uf’-_‘ln.657

9 U/kg K i
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UNIVERSITY OF NIGERTA, NSUKKA .
DEPARTMENT OF MECHANICAL ENGINEERING
MID-SEMESTER EXAMINATIONS

ME 261: THERMODYNAMICS I

JANUARY 27, 2018

Attempt all questions. Time Allowed: 1 Hour

1(a)i. Define a thermodynamic cycle.
ii. State two major differences between a power cycle and a refrigeration cycle.

(b) A heat engine operating in a cycle develops work output of 150 kW and has a
thermal efficiency rating of 30%. Determine for this engine the amount of heat

transfer to the system and aiso the heat rejected by the system, egqch in kW, when
: operating in a steady state.

(¢) A refrigeration system operating in @ cycle and at steady state achieves a cooling
effect of 17,500 kW while it loses 22,500 kW of heat to its surroundings.
Calculate the work input or output of this refrigerator, in kW and determine its
coefficient of performance. '

»

Steam occupying a volume ot 3.3 m® is contained in a piston-cylinder assembly at

- 10 bar, 450 °C. It is ceoled down at constant pressure until its specific volume
becornes 0.1 m/Kg. AT whai temperaiice does condensation firsi occur?
Deternine the work done and the heat transfer during the process, each in MJ. !
Sketch the process on a T-v or p-v diagram. : : : \tﬁ',ﬂ ' i

Vi |

to

|98}

".A quantity of air with a volume of 0.14 m’ at a temperature and pressure of 371

OC and 9.65 bar, respectiyeiy, is-enclosed in a piston-cylinder assembly.” The air i

behaves like an ideal gas. The system is first heated at constant volume until its T

" pressure reaches 41.4 bar. The air is then allowed to expand pciytropically, with ;

" index of expansion being 1.4, to a pressure of 2.76 bar. Sketch the two processes
on a T-v or p-v diagram and calculate:

. . : .. 0
a) the temperature of the air at the end of each process, n C
b) the total heat transfer for the two processes, in kJ
c) the total work produced for the two processes. in k.

“For air, Cv =0.7165 kifkg K. Cp = 1.6031 kJ/kg. K.~ R =0.2866 kI/kg K.

e >8>
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Attempt any four questions " R&-  Time Allowed: 2'/, Hours
a) Define the folip; t . o | |
/ e . - .
I Closed sygter> ™ Usedin Engineering Thermodynamics
l||i| Lfg‘thermal process
‘ abati ;
g, janbd Cprocess”, )

Sobaric procesg

AL MG
P é‘/ | \\ [
i olytropic process—” =
() A fluid in 4

"v
)-8
K‘\ , 7 'Tt
TA Y
Piston-cylinder e
~40mYkg

STl assembly expanded at a pressure of-7.8bar and volume of
Process oeoure :tft‘:ger:ls;’;ritt”;;e ol2.045m’kg. ,If the fiuid behaves as- an ideal gas.and the
the process in K| SRRl (ature, calculate the work done and fhe heat transfen dqjll}g '
) 210 of i s compressay e ML 61571V = Constanctar. |1 iE) (9= 4e 159
. Compressed adiabatically ( polytropic index of compression n = k =14) from state - ;
an € of 1.0 bar and 300K, respectively, to state 2'with a pressure - o
s e Ar:;zl?rlr:ils' ﬂ?s cooled at constant volume to state 3 with temperature. ) |
calculate tH ming ldeal gas behav:o_r...a‘.j\!d.lgngrmg kinetic and potential energies effects,
Ca € work done for the first precess and the heat transfer forthe second process, each
In"KJ. Sketch the two processes on T-vorP-vdiagram. = Wy —hc . 1 2 CQ - ,,C;UQ«*"'*S
For air, C, = 1.0035 Kdkg.K, C, =0'7165, KJkg.K, R = 0.287 KJ/kg.K. ' - )
Steam initially at a pressure and temperature of 5.0 bar andtemperature of 380°C respectively
'S contained in a closed rigid container With a volume of 1.024m°. It is cooled at constant W= 0
volume, pressure and temperature drops gradually as a result of heat transfer.to a saturated
vapour state 2. Determine the temperature at which condensation. occur at this state, i
L Calculate the fraction of the total m
& .
2w

V.

> n, o - K’/__ﬁ)\g ‘
ass.of the steam that-has condensed to a final state f’:_“ ina . ‘l"f’* ;
'/ two-phase |iquid-vapour mixture when the pressyre reaches 0.55 bar. Calculate alsp thf‘é‘m,ass AT
in kg of saturated vapour and saturated liquid present in the mixture at this final state; the
volume in m® cccupied by saturated vapour and that of saturated liquid at this final state. Sketch
the processes on a T-v or P-v diagram. ' o
Air enters an adiabatic compres

\
I Yold nAare

SGr cpcia

=
(\[_\%ﬂ\
N |
ting at steady state at a rate of 1.5kgls with
>

m
e\ R
8 th a
temperature of 27°C, a pressure of 2.5 bar and a velocity of 12.0m/s. At the exit, the pressure of

the air is 10.0 bar, the temperature and velocity are 187.°C and 2.0m/s, respeciively. Caiculate
, \the power required by the” compressor, in.kW. Assume that the air behaves like an ideal gas o 1
¥ and ignore any changes in potential energy. For air, C, =0.7165 KJ/kg.K, C, =1 0035 KJ/kg.K,
R=0.287 KJkgK. —~ Upu1%S  p, T v o o
Los " Seaflanters a trbine with negligible velocity at 40.0 bar and 450°C and leaves withia high
oy ® m.(qm'f é/elo'_é"nty_ here the pressure is 0.12 bar and quality 99 %. It flows at a rate of 9000kg/hr. The [
; D(C\‘i(ﬁmbi-he is well insulated and opgﬁtes at sleady'statejqud. devgz__lqps a power output of 2.0 MW'M‘O%." ;
Neglecting potential energy effects, determine the velocity of the steam at the exit of the turpine, b
in ms. O 2Vep x=0%, .
Sa. (i) State the Clausius statement of the Second law and two corollaries for a refrigeration Cycle , -
(ii) List four causes of irreversibilities in a thermodynamic System. P_ win
(b)

, wo
A carnot heat engine rejects 230KJ of energy by heat transfer tp a-cold reservoir at g 00-2_
temperature of 25 °C. The net cycle work developed by the system is 375KJ: Determine the
thermal efficiency of the system and the cycle high temperature, in °C_;_Deir2fmtﬂ6‘ttre-ﬂ-rerrﬁal ? .V)
efficiency of the system-and-thecycle-highterrperaturerin °C. | - ¢ %}:ﬁ : «P‘
(c) A refrigerator achieves a coefficient of performance of 2.5 while o?ié—z'ating bevEen a low ° op
-temperature compartment source of 1,9 °C and outside tempergture r&C'. At steady statg,
the quantity of heat(6r heat load) which it removes from low temp gtme‘cornpartmleni is
Q:f_ﬁg[’gGOOKJ/min. Determine the actual power, jn kW, requn_red by this (efrrgeratpr. What is the
€C S minimum theoretical power, in kW. required for any refrigeration cycie operating under ‘these

conditions? \ , ‘ o ko
T Oa Sq \'L x(ﬁj"s Tq PQ Ug. =Ry L': @_:!.]"'_ @(_
C . ! ~\0 ' % %. 2‘-04({: 103 2_5-7 @2 n

1 .
\

- ;'“-_ TH-TC

. R LTI 1-"::"‘) Fu=RT S
\‘_7)’14549 162 gy Bg’i_];fiﬂfilf!mbia“.uﬂ g i

[

—0e0 68" 24tepa ) Ty = 2160: 4.
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