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MECHANICAL ENGINEERING (PAPER-II)
Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS
(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the

space provided. No marks will be given for answers written in a medium other than the
authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated.
Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the
question itself.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.

Attempts of questions shall be counted in sequential order. Unless struck off, attempt of
a question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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1. (a)

(b)

(c)

(d)

EUs—A |/ SECTION—A

U fe-faferet 3 7 =300K @01 V; =1m® W 2 kg awh fifim ¥ (s 1)1 f@x
HAT W 10 A, 220 dIe2 % Sgd q9F g/ AT F1 10 FF=s F fog ™ frn s 2; @
% AH 20% I GE D WA ¥ (N 2)1 @ @ A @ p, ¥ R W
#fom st § ugsA fen S R, ol a9AE Ty =40 °C @en sifw @@ Py =0-5P, B
@ (st 3)) 9l 2-3, PV = fRniw % s A ¥ wiEn 2-3 ¥ Ren e
n 3a AT @rf % frg R =0.2081 kJ/kg-K 3R C, =0-312 kJ/kg-K eifiu]

A piston-cylinder contains 2 kg of argon at 7, =300K and V; =1 m? (state 1).
Argon is heated by an electric heater of 10 A, 220 volts for 10 seconds at
constant volume; during the process, 20% heat is lost (state 2). The gas is now
allowed to expand from pressure P, to a final state with temperature
T3 =40°C and final pressure P; =0-5P, (state 3). The process 2-3 follows
PV" = constant. Find the index of expansion n for the process 2-3. Take for

' argon R=0-2081kJ/kg-K and C, =0-312 kJ/kg-K.

Tk i el W Ty, =300 K @91 Ty, =1200K ¥ Wy anest 3 =% W g=ifer
&I ® 1 9 kg a1 gR1 R o0 st qon wefa o eaan s i) ag % g,
#1005 kJ /kg-K WA @ifsg

A gas turbine plant operates on ideal Brayton cycle between Tmin =300 K and
Tmax =1200K. Find the maximum work done per kg of air and the
corresponding cycle efficiency. Assume C, of air as 1-005 kJ/kg-K.

425 K A99H W T 91g W9 (y =1-4, R =287 J/kg-K) @F® a1 = 7t ¥ 7 Fife
(i) TR e A e am, (i) waw #1 sfman I qon (i) B ded) :
An air jet (y =1-4, R =287 J/kg-K) at 425 K has sonic velocity. Determine the

(i) velocity of sound at the stagnation condition, (1) maximum velocity of the jet
and (iii) Crocco number.

A e g fom & awfd o ffdm Al (dam) ¥ sm-ur s T 3@ SR A, B, C,
D 3R E 4 Fo1 daehard %59 50, 10, 8, 20 3R 25 W/m-K <ifm qun w- s
FEH] WE 94 i

T, =200 °C
T, =800 °C B A=1m?

—>5 €102€ 10 5
Cmi cm cm cm]
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Determine the heat transfer through the composite wall shown in the figure
below. Take the thermal conductivities of A, B, C, D and E as 50, 10, 8, 20 and
25 W/m-K, respectively and assume one-dimensional heat transfer :

T;=200 °C
7,=800 °C B A=1m?
A D |E
Q—> &
—21 5 €102€102 5 €
L:m cm cm lcmi 10

fe) TRE 0.25m, 3 W/m-°C FH ITeidl 741 10 m? g g% archl & o2t auaa fufa

(drar) R faar Ffvr| fuf % smd 9w w 750 W/m? 1 o Fem sAfvam @rp a2 fafa
# Frft dAR F:1 gEE aeEE 90 °C ?) fRr I reE @ au fufn d e I 3 9 A
groon % |y, i % em-ur TRl ww-emaeh I wen % T srawe s qun i
yfqasl =1 =5 FIST) T19 &, FaFa g B gd = A 5 aeeE ¥ gfieds % fou o
ey g Fifse 3R i % =fe@ wm = auam 3 fifs)

Consider a large plane wall of thickness 0-25 m, having thermal conductivity
3 W/m-°C and surface area 10 m?. The left side of the wall is subjected to a net

heat flux of 750 W/m?. The surface temperature of the left side of the wall is
90 °C. Assuming constant thermal conductivity and no heat generation in the
wall, express the differential equation and boundary conditions for steady
one-dimensional heat conduction through the wall. Also, obtain a relation for
the variation of temperature in the wall by solving the differential equation and
find the temperature of the right side of the wall. 10

2. (@ () I Faw uhEm ¥ MM, S@@ W owdigy wei % ueid ufEdd @
a5=mcavgln['i;3]@ﬁﬁaﬁa%mmwézwﬁqf%ﬁgﬁﬁﬁ%ﬁmm
1

ﬁmﬁ%ﬁﬂ,ﬁéﬁawm:%ﬁqﬂaﬁaam%l

During a heat transfer process, the entropy change of incompressible

; 7
substances, such as water, can be determined from AS =mCy,, ln[?z].
1

Show that for thermal energy reservoirs, such as large lakes, this relation

reduces to AS = % 10

(i) TF Tefiaer JUIet §R1 400 g 3d 599 9reht 9 1 @I i, 400 T ufd que i
@ F, —25 °C arelt yshifad g1 &1 3980 &, 25 °C ¥ —10 °C % 381 HE1 2| 78
# afga fafie o qr S #wAw: 2:90 kJ/kg-°C @01 109-15 kJ/kg @d T
fruffa T (1) kJ/hr # 32 & oo fepea A1 & 3R (2) m3/hr & g1 #
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(b)

(c)

AEWIF AT aT® @, 4R g F a9uE F 5 °C ¥ afe gfg 7 @) v % fow i
@R 0-287 kPa-m 3 /kg-K ®| 3i@a amum w ga1 $1 fafiwe o0 1-0 kJ/ke-°C
2| FRgEveE a9 9 ® 101-3 kPa wifig)

A refrigeration system is to cool bread loaves with an average mass of
400 g from 25 °C to —10 °C at a rate of 400 loaves per hour by refrigerated
air at -25 °C. Taking the average specific and latent heats of bread to be
2:90 kJ/kg-°C and 109-15 kJ/kg, respectively, determine (1) the rate of
heat removal from the bread in kJ/hr and (2) the required volume flow
rate of air in rnS/hr, if the temperature rise of air is not to exceed 5 °C.
The gas constant of air is 0-287 kPa-m3/kg-K. The specific heat of air at

average temperature is 1-0 kJ/kg-°C. Take atmospheric air pressure as
101-3 kPa.

(i) =wwige fr foedt arfefi @ v@= v % M @R wgE % SR-9R w) ofad|

(@)

AS:—Rln(P'i) g fen s 20
Pox

Show that the entropy change across the normal shock in an adiabatic

flow in a duct is given by AS = -RIn (—&)—t}
Pox

H a9 W YGE F d9 @ W Hif)

Differentiate between Fanno and Rayleigh flows.

TF A 12 m F&@l a9 5 m I e F giw-wy 50 km/hr B 0§ g oW @ R
aigHE g1 F A9AE 4 °C B an fufw w1 g qEE 10 °C R dawd g Pl @ e
i i 2 faifa FifSg) 1 agved g o ohwa feen a9 W@ ga1 % ogEl # 38 TER
JI%W{T?ﬂﬁ'ﬁl%:

k =0-0248 W/m-°C
v=1.412x10"° mz/s
Pr=0-72

Y YaTe % foiu Jhee Uen wegey #1 Iw@m AT

Nu = (0-037Re%®-871) pr?33

Wind is blowing at 50 km/hr along a 12 m long and 5 m high wall of a house.
The atmospheric air is at 4 °C and the wall surface temperature is 10 °C.
Determine the rate of heat loss from the wall by convection. The properties of
air at 1 atmosphere and at mean film temperature may be taken as :

k =0-0248 W/m-°C
v=1.412x10"° m?/s
Pr=0-72

Use the Nusselt number correlation for combined flow :

Nu = (0-037Re%®-871) pr033
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3.

(a)

(b)

(c)

U fagq @99 § 40 °C AWM FTelt 919 F 12 °C d9HH R 39ae fde Sid F 3= He
ggfya fFen <mar ®1 9 A ya® R/ 0-15 kg/s B Maed 9@ F 6 m W&l R 125 cm
a4 aTell el afd i el % U @ F Wegn ¥ 3-5 m/s F ofEa 9 § yEiia
frn wran &, 3R 98 20 °C F a9HE R 9T fberal B1 40 °C W Afet @ wwardt g
21 vi@ 3 Afert F fim shea I WHG e A e Fif R watE q Fide s
TIMTG X W0 A % e strawas afedi 1 g 3 i) sfea aoee ) S % qoeEt
%1 39 vFR foran < v ¢

p=998.8 kg/m>
C, =4184-5 J/kg-°C
hp, (§7¥) =2406 kJ/kg

Steam at 40 °C is condensed in a power plant using cooling water available at
12 °C. The flow rate of steam is 0'15 kg/s. The cooling water is circulated
through a bank of 6 m long and 1:25 cm internal diameter thin copper tubes at
a mean velocity of 3:-5 m/s, and leaves at a temperature of 20 °C. The tubes are
nearly isothermal at 40 °C. Calculate the average heat transfer coefficient
between the water and the tubes, and find the number of tubes needed to
achieve the indicated heat transfer rate in the condenser. The properties of
water at an average temperature may be taken as :

p=998.8 kg/m?
C, =4184-5 J/kg-°C
hfg (water) = 2406 kJ /kg

s e yare gedies % U #1305 m #, 3R F® 15000 r.p.m. WV gHA 2
TEE 41 220 m/s B 3R T8 R R F=rin ® fat 1 3 80 m/s B F@H W g@ 3R
A9EH FHM: 1 91 (bar) 3R 300 K #| 9g-3&am 0-88 21 98 § 3@ 39 1-5 8| a7 Brys
Ta13u. 3R Ryifa Al (@) st aon frin w wes ®v, @) Ffae afe ao i) sfafen 6
wE| g i fafie Fenedl @ e = 144 99 €, = 1:005 kJ/kg-K i)

The mean diameter of the rotor of an axial flow compressor is 0-5 m, and it
rotates at 15000 r.p.m. The flow velocity is 220 m/s and is constant. The
velocity of whirl at the inlet is 80 m/s. The inlet pressure and temperature are
1 bar and 300 K, respectively. The stage efficiency is 0-88. The pressure ratio
through the stage is 1-5. Draw the velocity triangles and determine the (i) blade
angles at inlet and outlet, (ii) power input and (iii) degree of reaction. Take ratio
of specific heats for air = 14 and C, = 1-005 kJ/kg-K.

T vt WA GO Y 9E | 2.5 m x2-5 m AEHR FH Tqe! aiEr qfgwd 280 °C
R frfm o= @ ¥ 2 aftwiedl ) 39 e ¥ e &9 & gaEi 20 °C audH ared afEsh
T4l vaIRd w0 S8l fRan s R 39 g w1 o faifa fifse s Fw e wmme w
@I Fagd &1 I 12% ¥ F9 B 1 ? 3R 38 YER T | Srar 21 el e
W 1 1 9gHed 26 W v =2-859x107° m? /s HHI S el B

20

20
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(@)

Thin square plates of size 2-5 m x2-5 m are coming out of an oven at 280 °C in
a material processing facility. The plates are cooled by blowing ambient air at
20 °C horizontally parallel to their surfaces. Determine the air velocity above
which the natural convection effects on heat transfer are less than 12% and
thus are negligible. The kinematic viscosity of air at 1 atmosphere may be
taken as v=2-859x10 ° m2/s.

(i) Fon R #:1 w@e Ho go T qwim B7 N WgT T Wo Fo o WA AT T
- fafmfm sevwes w9 @ =1 dar 27

What does the NTU of a heat exchanger represent? Is a heat exchanger
with a very large NTU necessarily a good one?

(i) T da-8-da fg-Teht o fafmfm v faem fifs, s=t yare g 3@ 58 2 ame
A9 | U Gadl B fF 391 9@ 18 °C W waw Hal ® 3R 50 °C W el fwer B,
&k T dd 75 °C W Y99 Fa 8 3 40 °C W o Foherar 21 <1 del H geumE
YaTe &1 G4 AHd gU 38 o fafmfi i gmasfian ok yare famma fuffa fifm

Consider an oil-to-oil double-pipe heat exchanger, whose flow
arrangement is not known. The temperature measurements indicate that
the cold oil enters at 18 °C and leaves at 50 °C, while the hot oil enters at
75 °C and leaves at 40 °C. Assuming the mass flow rates of both the oils
to be identical, determine the effectiveness and flow configuration of this
heat exchanger.

(b) = @fas Femd faforet & v o o v e @ R, R 500 kN % @@ 99 g1

T % "R Vs @ T B, S A o d gt mn @) e = e dawa
0-5m? 2, 3R g1 YR gad 0-25 m® 2| fferet # @ferm A9 200 kPa, 100 °C
W R 3 TF A § dred @i @ ¢, FEd 1.2 MPa, 200 °C W #feaw warfea @ @ 21
Aiferay 99 9% A ol R, w9 % 5 faferst &1 o fes @ oo @ 9 99 ¥ 9% SO
Tl B e, 3R g fig W oared # dr W R s R0 wfEm A 1, = 300 K; e % fog
Cp =5-193 kJ/kg-K, R=2:0771kJ/kg-K @ C, =3-116 kJ/kg-K HH #fT :

LLLLLLLL LS L LSS

Bis : Fam

LLLLLEE LRRRANY

A

P s

Fryffa Hifsm .

() Taferer 3 sifm s=vm (kg #)
(ii) Tafare # <ifem qomm (K #)
(i) FA T2 e (kJ/K ¥)
(iv) sfasEa (kJ #)
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A horizontal insulated cylinder has a frictionless and adiabatic piston held
against stops by an external force of 500 kN, as shown in the figure below. The
cross-sectional area of the piston is 0-5 m?, and the initial volume is 0-25 m?.
Helium gas in the cylinder is at 200 kPa, 100 °C. A valve is now opened to a
line through which helium is flowing at 1-2 MPa, 200 °C, and the helium flows
in, until the cylinder pressure just balances the external force on the piston, at
which point the valve is closed. Assume ambient at T, =300 K; for helium,
Cp, =5-193 kJ/kg-K, R=2-0771kJ/kg-K and C, =3-116 kJ/kg-K :
<

LLLLL L LSS

Helium —F,

AR %\\\\\\

FIPT777777 7777777777

Determine :

(i) The final mass in the cylinder (in kg)

(i) The final temperature in the cylinder (in K)

(i) The total entropy generation (in kJ/K)

(iv) The irreversibility (in kJ) 20

(c) = foa % <wiiy T TgER 2 w1 YT A, U1 A, R foEw Fif) “fafmor sy e’ g
gieqifid Q) w1a @, ST [ g8l F FE: G AR T, fe-fie ol w @ s g,
6 9§ 8 9 Fe G O w eme s ft 3@ A i 9E gm o wme
A W E, A T T IR G99y 3a FINT

Consider two black surfaces A; and A, as shown in the figure below. Define
the term ‘radiation shape factors’. Also, find a general expression for the energy
exchange between these surfaces when they are maintained at different
temperatures 7; and T,, respectively. If both the surfaces are at the same
temperature, find out the reciprocity relationship between them :

10
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@us—B / SECTION—B

5. (@) THo 3o 39W &1 ag-3u g fafim wfmrem fEafodl & siarid seeiar war 81 ffafad
sRfeufaat #, #ron |fed, fFdfl 7 % e ag-dom ogm f stevaswar fafag
(i) Frsedor o1 fom-wm srawen
(ii) TEH I AMEEH-9R T
(iii) ferkan Wi = QUi-9R SrEEen
The air-fuel ratio of an SI engine varies under different operating conditions.
Write the air-fuel ratio requirement for an engine under the following
conditions with reasons :
(i) Idling or no-load condition
(ii) Cruising or part-load condition
(i) Maximum power or full-load condition
(b) 3o o T H WITE TEF % 9 FE &7 Hgo Hio I9W TEE  AEYEE N H Ig@
EAEL
What are the functions of lubricant used in IC engines? Mention the essential
properties of IC engine lubricant.
(c) Tt sified g (F=sie AI5ed) § 99 F ¥a® F Haer F1 Juia i, 59 3™ A W
Heferd foram smen 2
(i) ey q@ FFAE
(ii) AFeT 7E W Y TE g
(i) HANFY HE § FH I FIIE
Describe the behaviour of steam flow in a convergent nozzle when it is
operated at—
(il design pressure ratio;
(i) pressure ratio higher than the design value;
(iii) pressure ratio lower than the design value.
(d) W Ggu a9 ddied yefiad = ) o, aredfas ard ddied wefiad ws #§ wdfted ufen &
A B 9 famer B g 9w @y @, @ feeE & Fwo s s At
List the deviations that occur in a compression process in actual vapour
compression refrigeration cycle in comparison to simple saturated vapour
compression refrigeration cycle. Also, specify the reasons for these deviations.
(e) & Yo Fo o 3 Feehl To <o Wo § F1 ik B7 Fopm witfeufa 7 41 =1 90 w9= Bm?
What is the difference between room ADP and coil ADP? Under which
condition, both will have the same value?
KVMS-B-MCH/7 8
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6. (@) TH Ad ¥% U, Gited F MW # 7@ iR TOHH FAM: 1 91 (bar) 3R 47 °C Fd ) A
dfied ¥ 3d # 2@ 15 9R (bar) B, @ 38 9% §1 dgifos FHF g 6 WA Ffw)
=% % 9N AfEaE 99EE 2100 K R
TR HifT—

() ufa freimm g 1 mgfd € e,
(i) wfa freim ga1 g foen mn %
(i) TER % ¥Id H 34|
C, =0-717 kJ/kg-K @1 y = 1.4 Hifg|
In an Otto cycle, the pressure and temperature at the beginning of
compression are 1 bar and 47 °C, respectively. Calculate the theoretical
thermal efficiency of this cycle, if the pressure at the end of the compression is
15 bar.
The peak temperature during the cycle is 2100 K.
Calculate—
(i) the heat supplied per kg of air;
(ii) the work done per kg of air;
(iii) the pressure at the end of expansion.
Take C, =0-717 kJ/kg-K and y =1-4. 20
(b) 200 m/s F FeH A A1 4 kg/s N FHAAA YAR @ AT THA-URE AT HY EE
300 kW Ifth 3cq9 &l 21 §8 ¥ W 500 m/s il nfa & Fawerdl @ R $efh a1 ok
092 1 afe w9 zaiza & W = w e ® 75 frem e o =mas @, & @it s qon
A seal F1 Fuio i) wgE 9 Biys s mwu)
A single-row impulse steam turbine with a blade speed of 200 m/s and mass
flow rate of 4 kg/s develops 300 kW of power. Steam leaves the nozzle at
500 m/s and the blade velocity coefficient is 0-92. If the steam leaves the
turbine at such an angle that the exit absolute velocity is kept minimum,
determine all the angles and diagram efficiency. Draw compound velocity
triangles. 20
(c) “‘wHm aHE @i Rl §, wure arg s yefied yomeft @ Hie Hio o wH wiEww
amg Tfie yefiaa womel & o 3o dlo A 1 Bl B1 N F@ R FWRIGHNE e | wE BY
HH IW W A fag Hifm)
“The COP of a simple vapour absorption refrigeration system is lower than the
COP of a simple vapour compression refrigeration system under identical
temperature conditions.” Is this statement correct thermodynamically? Justify
your answer. 10
KVMS-B-MCH/7 9 [ P.T.O.
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7. ()

(b)

T Hew G99 H, Y€ fowq 39T 6 MW R a9 999 MR 1-5 MW 21 40 @R (bar) @@
500 °C W ¥M 39F Bl ® 3R W wF 2afz F wow A e w9 ¥ fafta 5%
0-1 9R (bar) W ®4f # %91 S1@1 21 @99 ¥R # A zafzd ¥ 2 9R (bar) | 9N
freprerrt 1 St @, & e whm a3 2 W) (bar) W EqW 7a § @ufia fEn S @ sie
Rt sfaer & areg 99 foran sman ¥1 AeAes o Ths avte ey fatha $iftm (@) iR #
9T Ieqred &Fal (kg/s H) T (if) A9 AR F WeAw F 919 H g0 vaE W (ke /s H) |

40 9 (bar), 500 °C W 94 & e § h =3445-21 kJ/kg, s=7-09 kJ/kg-K.
= i % fou @ # dom wm wnfE @ swEm At

In a cogeneration plant, the net power output is 6 MW and the heating load
is 1'5 MW. Steam is generated at 40 bar and 500 °C, and is expanded
isentropically through a turbine to a condenser at 0-1 bar. The heating load is
supplied by extracting steam from the turbine at 2 bar, which is condensed in
a process heater to saturated liquid at 2 bar and then pumped back to the
boiler. Draw the schematic and 7T-s diagram. Determine (i) the steam generation
capacity (in kg/s) of the boiler and (i) mass flow rate (in kg/s) of the steam
through the heating load.

The steam properties at 40 bar, 500°C are h=23445-21kJ/kg,
s=7:09 kJ/kg-K.

Use steam tables given at the end to get other properties.

T R717 ®igrol 4qfh = wefiftd 40 °C ¥afid q91 —16 °C amus am9H ® g=ifd 2 21
Hlo afto o dyr wit ufed TR Fuifa Fift) 3f womedt § 15 °C d9HM el e ey
* WY T z3-a g (ReRe) sen fafmfe nfia fren st 2, @ e 3o do aan
ufw wfd TR ® ==& uwrE g2m?

o ST 6 Hafe amm w ame 6 i S 31 kd/ke-K R, 59 #E son fafmte @
S T fE S @ 9o 2:9 kJ/kg-K ®, w& o fafmim @ swEm fen sm R

R717 % 1oed 2 arferm # R g §

eeorarif g2t
AT (kJ/kg) (kJ /kg-K)
(°C) 7 arg 77 arsg
(hf) [hg) {Sf) (Sg)
-16 126:73 1442-60 0-72511 5-8420
40 390-59 1490-42 164377 5-1558

P-h #Tt@ St S915Y| AT AI9HH ¥ e g ) fafie s 2:38 kJ/kg-K AT ST
a1 B
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(c)

(@)

An R717 simple saturation cycle refrigerator operates at 40 °C condenser and
-16 °C evaporator temperatures. Determine COP and power per TR. If a liquid-
vapour regenerative heat exchanger is installed in the system, with the suction
vapour at 15 °C, what will be the effect on COP and power per TR?
Assume specific heat of vapour at condenser temperature as 31 kJ/kg-K,
when no heat exchanger is used, and 2'9 kJ/kg-K, when heat exchanger is
used.

The properties of R717 are given in the table below :

Enthalpy Entropy
Temperature (kJ/ke) (kJ/kg-K)
(°C) Liguid Vapour Liquid Vapour
(hr) (hg) (sf) (sg)
-16 126:73 1442-60 072511 5-8420
40 390-59 1490-42 1-:64377 5:1558

Draw the P-h diagram also. The specific heat of vapour corresponding to
evaporator temperature may be assumed as 2-38 kJ/kg-K.

THo ¥T3e aYl Hlo Ao o 3uA I Wem = Fufor F2 fFn s 27 949§ gwemRwy

How are the ratings of SI and CI engine fuels done? Explain in brief.

U dIdgEidd M ® 25 °C DBT a9 50% RH W ¥4C @l Sl 81 s ahfeafoat
40 °C DBT a1 27 °C WBT ¥ 38 @R # 24-5 kW $ ¥3a 3= 3fg 2t #) amamgzfen
g7 10 °C W HgH a1 % ®9 H 39 WM J yfd $ Il ¥ 39 39H0 H U 9 "G (qEN)
WA B 9 uEs (FRR) § 989 FW 9l 9 § 25% el @y wEifae €d 2, 99 s
[aia FA Al arg Bt ® 1 o Aifse—

(i) 38 T Q@ A F W A A AEH TR

(i) HE I FH] YOT;

(iii) 9Tg "EH (FWR) H waed W (TR H)|
AT (WgEmfes) war-faa aifee oa § 9o B1 @y 9, 95Fee SRE S5 a9 T
arifta AT orar-faa w fafim wfsnsdt #i eufyy)
An air-conditioned space is maintained at 25 °C DBT and 50% RH. The outside
conditions are 40 °C DBT and 27 °C WBT. The space has a sensible heat gain
of 24-5 kW. Conditioned air is supplied to the space as saturated air at 10 °C.
The equipment consists of an air washer. The air entering the air washer
comprises 25% of outside air, the remainder being recirculated room air.
Calculate the—

(i) volume flow rate of air supplied to space;

(i) room sensible heat factor;

(i) cooling load (in TR) of air washer.
Psychrometric chart is given at the end. Also, draw the schematic diagram and
show the various processes on a skeleton psychrometric chart.
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(b) (i) TE T F AN BF TF Ago Hio T I G vtk @ wA A fafy = aolw
Hifsu )

Describe the method of finding indicated power of an IC engine using
Morse test. 5

(i) v SR-fafarst, I-E% 9 w ey T gem & Frefafaa e Je feg o #
i =100 mm

% =125 mm

%5 1 7fd = 1500 r.p.m.

399 I @Id = 0-2 kg/min

U9 &1 FHE FH = 44000 kJ /kg

3% ot % a1 3R F 9919 #1 HAH = 450 N
ﬁ@'vﬁ‘?ﬁ(ﬁzBOOcm

afe Fifre sgqa 80% &, o o Hifse—
(1) o Fufig 2am;

(2) gfaa FefE g,

(3) gfua mrem wure @,

(4) w=-fafiw fom @A)

The following details are noted in a test on a four-cylinder, four-stroke
engine :
Diameter =100 mm
Stroke =125 mm
Speed of the engine =1500 r.p.m.
Fuel consumption =0-2 kg/min
Calorific value of fuel =44000 kJ/kg
Difference in tension on either side of the brake pulley = 450 N
Brake drum circumference =300 cm
If the mechanical efficiency is 80%, calculate the—
(1) brake thermal efficiency;
(2) indicated thermal efficiency;
(3) indicated mean effective pressure;
(4) brake-specific fuel consumption. 15

(c) 35m =t w&E fawt 300 °C W v Ml 1 famfSia #= W@ R, sefF afEw %1 aeEE 25 °c
B Wt kg $o9 S F faw 16 kg 9g i amgfd s #) Fuifa Hifm—
(i) S F mm H IATfed YT
(i) ™ T\ Ty F Hiw # wEged w9
i) Torft it zaan, 3 FEw yaE F1 FHaw aHEE 120 °C ® 9@ ™ v fE A o
fafdre F=m 1-005 kJ/kg-K 2;

(iv) 3 399+ Y& FAR 7F 33000 kJ/kg B, @ Urpfas wara yomelt § @< it 1 Fow
%1 i |

KVMS-B-MCH/7 12
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A chimney of 35 m height is discharging the flue gases at 300 °C, when the
ambient temperature is 25 °C. The quantity of air supplied is 16 kg per kg of
fuel burnt. Determine the—

(i) draught produced in mm of water;
(i) equivalent draught in metres of hot gas column;

(i) efficiency of the chimney, if the minimum temperature of artificial
draught is 120 °C and the mean specific heat of hot flue gases is

1005 kJ/kg-K;
(iv) percentage of heat spent in natural draught system, if the net calorific
value of the fuel is 33000 kJ/kg. 10
* ok K
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For Question No. 7(a) :

Saturated Water Pressure Entry

—_— e Specific Volume (m> /kg) Internal Energy (kJ/kg)
(kPa) (°C) Sat. Liquid Evap. Sat. Vapour Sat. Liquid Evap. Sat. Vapour
! Vfg Yg e 4 “fg Ug
06113 0-01 0-001000 206:131 206-132 0 23753 23753
1:0 698 0-001000 129-20702 129:20802 29-29 2355:69 238498
1:5 13:03 0-001001 87-97913 87-98013 5470 233863 2393-32
2:0 17-50 0-001001 67-00285 67-:00385 73:47 2326'02 239948
2-5 21-08 0-:001002 54-25285 54-25385 88-47 231593 2404-40
30 2408 0-001003 4566402 4566502 101-03 2307-48 2408-51
4-0 28:96 0-001004 3479915 34-80015 121-44 2293-73 241517
50 32:88 0-001005 28-19150 28-19251 137-79 228270 2420-49
75 40-29 0-001008 19-:23674 19:23775 168:76 226174 2430-50
10 4581 0-001010 14-67254 14-67355 19179 2246-10 2437-89
15 53-97 0:001014 10:02117 10-:02218 22590 2222-83 244873
20 60-06 0-:001017 764835 7:64937 251-35 2205-36 245671
25 64-97 0-:001020 6-20322 620424 271-88 2191-21 2463-08
30 69-10 0-001022 522816 522918 289-18 2179-22 246840
40 7587 0-001026 399243 3:99345 31751 215949 2477-00
50 81:33 0-001030 3:23931 3-24034 340-42 214343 2483-85
75 91-77 0001037 2:21607 2:21711 394-29 2112-39 249667
100 9962 0:001043 1:69296 1-69400 417-33 2088:72 2506-06
125 105-99 0:001048 1:37385 1:37490 444-16 2069-32 2513-48
150 111-37 0001053 1-15828 115933 46692 2052-72 2519-64
175 116:06 0-001057 1-00257 1-00363 486'78 2038-12 2524-90
200 120-23 0-001061 0-88467 0-88573 504-47 2025-02 2529-49
225 124-00 0-:001064 0-79219 0-79325 52045 2013-10 2533:56
250 127-43 0:001067 071765 071871 53508 2002:14 2537-21
275 130:60 0-001070 0-65624 065731 548-57 1991-95 2540-53
300 133:55 0-001073 060475 0-60582 56113 1982-43 2543-55
325 13630 0-001076 0-56093 0:56201 572-88 1973-46 2546:34
350. 138:88 0-001079 0-52317 0-52425 58393 1964-98 254892
375 141:32 0:001081 0-49029 049137 594-38 195693 2551-31
400 14363 0-:001084 046138 0-46246 604-29 1949-26 2553-55
450 147-93 0-001088 0-41289 041398 622:75 1934-87 255762
500 151-86 0-:001093 0-37380 0-:37489 639-66 1921-57 2561-23
550 15548 0-001097 0-34159 0:34268 655:30 1909-17 2564-47
600 158:85 0-:001101 0-31457 0:31567 669-88 1897-52 2567-40
650 162:01 0-001104 0-29158 0-29268 683-55 1886-51 2570:06
700 164-97 0:001108 0-27176 0-27286 69643 1876:07 257249 .
750 16777 0001111 0-25449 0-25560 70862 1866-11 257473
800 170-43 0:001115 0-23931 024043 720:20 1856-58 257679
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For Question No. 7(a) :

Saturated Water Pressure Entry

— . Enthalpy (kJ/kg) Entropy (kJ/kg-K)
(kPa) (°C) Sat. Liquid Evap. Sat. Vapour  Sat. Liquid  Evap. Sat. Vapour
i hfg hg Sf Sfg Sq
06113 0:01 0:00 2501:30 2501-30 0 9-1562 9-1562
1-0 6:98 29-29 2484-89 2514-18 0-1059 8:8697 8-9756
15 13:03 5470 2470-59 2525-30 0:1956 86322 8:8278
2:0 17-50 7347 2460-02 253349 02607 8-4629 87236
25 21-08 88-47 2451-56 2540-03 03120 8-3311 86431
30 24-08 101-03 2444-47 2545-50 0-3545 82231 8:5775
4-0 2896 121-44 2432-93 2554-37 04226 8:0520 84746
50 32-88 13779 2423-66 2561-45 04763 79187 8-3950
75 40-29 168-77 240602 2574-79 0-5763 76751 8:2514
10 45-81 191-81 2392-82 2584-63 06492 7-5010 8-1501
15 53-97 225-91 237314 259906 0-7548 7-2536 8-:0084
20 60-06 251-38 2358:33 2609-70 0-8319 7-0766 7-9085
25 6497 271-90 234629 261819 0-8930 69383 7-8313
30 69:10 289-21 2336:07 262528 09439 6-8247 77686
40. 75-87 317-55 2319-19 263674 1-0258 6:6441 7-6700
50 8133 340-47 230540 264587 1-:0910 6:5029 7-5939
75 9177 384-36 2278:59 266296 12129 62434 74563
100 99-62 41744 2258-02 267546 1-3025 6:0568 7-3593
125 10599 444-30 224105 2685-35 1-:3739 59104 7-2843
150 111-37 467-08 222646 2693-54 1-4335 57897 72232
175 116:06 48697 2213-57 2700-53 1-4848 56868 71717
200 120-23 504-68 2201-96 2706-63 1-5300 5:5970 1271
225 124-00 520-69 2191-35 2712:04 1-5705 55173 7-0878
250 127-43 535-34 2181-55 2716-89 1-6072 54455 7-0526
275 130:60 548-87 217242 272129 1-6407 5-3801 7-0208
300 133:55 561-45 2163-85 272530 1-:6717 53201 69918
325 136:30 573-23 215576 2728-99 1-7005 52646 69651
350 138-88 58431 2148-10 2732:40 17274 52130 69404
375 141-32 594-79 214079 273558 17527 51647 69174
400 143:63 604-73 2133-81 2738:53 17766 5:1193 6:8958
450 147-93 62324 2120-67 274391 1-8206 5-0359 6-8565
500 151-86 640-21 210847 274867 1:8606 4-9606 68212
550 15548 65591 2097-04 275294 1-8972 4-8920 6:7892
600 158:85 670:54 208626 2756-80 1-9311 48289 6-7600
650 162:01 684-26 2076:04 2760-30 1-9627 47704 6-7330
700 164-97 697:20 206630 2763-50 1-9922 4-7158 6:7080
750 167-77 709:45 205698 276643 2:0199 4-6647 66846
800 170-43 72110 204804 2769-13 2:0461 46166 66627
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For Question No. 8(a) :
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BELOW D °C PROPERTIES AND ENTHALPY DEVIATION LINES ARE FOR ICE

SPECIFIC VOLUME, m3/kg DRY AIR

SB27—426

SENSIBLE HEAT FACTOR
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