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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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EYUus—A |/ SECTION—A

1. (@) U fowes-Rfast & 7, =300K @1 V; =1m® W 2 kg amix ik & (smen 1)1 @R
I W 10 A, 220 diee ¥ Igd q9H R AFH H 10 F=< ¥ g m frn s 2 3@
TR % ANH 20% I OGH A W ¥ (e 2)| @ W A @ P, ¥ RER W
sifom st § ugen e S R, el @oEE Ty = 40 °C @en sifw @@ Py =0.5P, B
& (3T 3)) Wk 2-3, PV" = fRni® @ g HAl ¥ wfEn 2-3 ¥ Rear guw
n F@ FfC) el % g R =0.2081 kJ/kg-K 3R C, =0-312 kJ/kg-K #hfqu]

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.

(b) Tk @ TElgd W T, =300K @ T, =1200K ¥ Ay eyl 3 9% W G=R
BT %1 W ke w1 g1 T e safbre e e s w6 gan @ Hif) A % e,
&1 1-005 kJ /kg-K HF ifig|
A gas turbine plant operates on ideal Brayton cycle between Tnin =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 A9HH R TF 91 Y41 (y =1-4, R =287 J/kg-K) s a1 ® &t 2| 310 Fifrm
(i) TR seeen 3 w@fi am, (i) SR 1 AR I W (@) B GE| '
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, () maximum velocity of the jet
and (iii) Crocco number.

(d) ﬁ%ﬁqwﬁaﬁmﬁnﬁﬁfmﬁﬁ(aﬁan)éaw-wmwnﬁmamaﬁﬁmm,& c
D 3R E i o1 |resad sue: 50, 10, 8, 20 3R 25 W/m-K eifie qur w- s
FEH] WFETER0 g4 Ay

T,=200 °C
T,=800 °C B A=1m?

5 €10>€ 102 5
cml! Ccm cm Iicml
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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
T,=800 °C B A=1m?
A D |E
Q—> (€4
—>5€10>% 10> 5
cml cm | cm lcml 10

(e) TE 0-25m, 3 W/m-°C FH1 dTeihdl 941 10 m? I8 &5%a 9l T ot gwaa Tt

($ar) W forem i) frfy & a1t 9w ) 750 W/m? w1 Fa Fen safdare g a1
# TRt R # g deEE 90 °C ®1 fRR I Srewar aun i & I Ieared 7 g A
gron % a1y, ff % R-uR Turft uw-Irrmht S Sem % ot staeer wfer o aft
yfgael 1 =aeh HIST| g1 B, 3rashe G0 T g Feh 9T § aoH % gitedy & foe s
ey yw Hifs ir fufa & efer wm & aumm 3@ i)

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?2. 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 F@o uEm F dRE, & S owdigy wei % widl uREdd @l
AS=mcavg1n(77:—2)1{ﬁﬁﬁafﬁaﬁmmm%lawfsu%a@sﬂr«ﬁ@fémﬂnm
1

ﬁ@lﬁ%&m,q@ﬁéHWAS=%ﬁqﬁaﬁﬁiﬁm%|

During a heat transfer process, the entropy change of incompressible

: T
substances, such as water, can be determined from AS =mCy, ln(-T—?—J.
1

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

reduces to AS = —2— 10

(i) T TaE WUt §R 400 g 37d FoaHH dTelt 9§ il A% wl, 400 &IF Uid 5ue i
R A, 25 °C arelt yehifad gan w1 390 @k, 25 °C ¥ ~10 °C T 381 Al 2l 98
#1 afa fafie ofr Tw S wAw: 290 kJ/kg-°C @ 109:-15 kJ/kg @d §T
fruif@ T (1) kJ/hr ¥ 3 @ T fspEa A R R (2) m>/hr F 7@ A
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HEWF AFdH YaTe R, I g & a9FH & 5 °C ¥ afers 9fg 7 21 g F foe
e 0287 kPa-m 3 /kg-K B 3f/ga qawm ® g1 1 fafiw = 1.0 kJ/kg-°C
B agAveey 9 ¥ # 101-3 kPa oifig)

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
290 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 m° /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.

(b) () <wie T Foredt aifedt & wg ware % R 9ME UH % SR-9R G gREdw
AS=—R1n(PO—Y] g T sman R
Pox
Show that the entropy change across the normal shock in an adiabatic
flow in a duct is given by AS=—R1n[-—P£Y—).
Pox
@ TN W vEE % o= ia Wy fifg)

Differentiate between Fanno and Rayleigh flows.

(c) Th®WH 12 m T a0 5 m F 4 F TY-A9 50 km/hr N 7fd § g1 78 @ R
TIHEAE B H A9HA 4 °C ® aon fufv 1 g @mE 10 °C R dawd g i @ e
= i = Faffa Fife) 1 agved g o oiea feen aom™ © g1 % oEdl B 56 TER
forn s whar R

k =0-0248 W/m-°C

v=1.412x10"° m2/s

Pr=0-72
W AR % R qiee den weddy F1 wm R ;

Nu = (0-037Re 8- 871) pr0-33
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 8 -871) pr033
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3. (a) U fagq @ § 40 °C qIYWH FTelt W9 I 12 °C A9HH R 9 e a1 I Hh
gfya forn <mar ®1 W it T@R R 0-15 kg/s B IfAEH S@ F 6 m el R 1-25 cm
Hiafter =419 arell aeh afe A Aferl % TF W % W™ ¥ 3-5 m/s % Ed o ¥ g
fopan S B, SR 9@ 20 °C ¥ q9HH W 9 Fwad 21 40 °C W ARl @ wHard gl
2| Sia @R Aferl % e oiga S wE o B ToE Fif o wafE § Ffde s
TIMIA X W18 A % fog atrawgs et i wen 3 Fifm | ofea e ) S & ot
#1 39 YR foran s whar §

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?
Cp =4184.5 J/kg-°C
hy, (water) = 2406 kJ/kg 20

(b) TF e yaTE Trfied VX H 3fHd I 0-5 m B, R T8 15000 r.p.m. R FHA 2
TETE 97 220 m/s & 3R 78 @R R @i W Gt &1 I 80 m/s | FHIH W T AHR
A9HE HEN: 1 91 (bar) 3R 300 K ¥ 92-2&7d1 0-88 1 U8 | 3@ 219 1-5 1 o By
T1Ee 3R i@ fifvm () =i qon fein w o v, (@) fifae afe qon @) sfafen 6
wen| g 1 i el 1 e = 144 @1 €, = 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, (i) power input and (iii) degree of reaction. Take ratio
of specific heats for air = 1'4 and C, = 1-005 kJ/kg-K. 20

(c) T YT WHEHU TIA h ME 2.5 m x2-5 m AR HI Iqel IMER ufgewd 280 °C qIHH
T Fir @ ) 3 ufgemel A IR wde % A ®1 @ TEIE 20 °C audE Frelt afesd
T YaTied e de1 TR San R 3@ g @ an fgifa e fes Sw S SEm ®
e T 6 99T 12% ¥ FH B S @ 3R 39 YR g @ S 21 g et
WA B 1 9gHSd 96 W v =2.859x107° m? /s A |1 &l 2
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(@)

(b)

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 ° m?/s.

(i) o fafwlE 1 Wo Fo o N TwiM 2?7 FN Tgd T Wo Ao Fo AW AT FHI
- fafmfs sews w9 @ =1 A 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-aat fg-Telt o fafmin w fmm fif, sE yae sgaen 3 96 R0 amEE
HI9H @ udq Fad @ fh 381 99 18 °C W yawW wdl @ 3R 50 °C W wie ke 2,
SafH T 9F 75 °C W Y9 Fdl @ 3R 40 °C R o Feheran #1 1 dell ) geamH
YR & H9H HHd g 38 o1 fafmf 6 wsmasfiaa ofk war famma fuifa $if)

Consider an oil-to-0il 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.

w Afes IR fiferet 3w wdvEa i wgi fred @ 2, R 500 kN ¥ 9@ 9d g
WAl % FER U @1 T 7, S| R A o 3 gwian mn ) few s -we v
0-5m? ?, 3R 3@ TRfi omEed 0-25 m3 ¥ Rafermet # &ferm 7 200 kPa, 100 °C
R R HE T AGH § dTed @iel I 8, ™Ed 1.2 MPa, 200 °C R g vaifzd & @ 21
Aferam @ a& A e B, 9 9% % fuferet 1 o fied w o @ 9/ 96 % % TR
Tl B S, 3R g fig W aed # S = S ) ufEw T, = 300 K; @ferm % R
Cp =5-193 kJ/kg-K, R=2-0771kJ/kg-K @1 C, =3-116 kJ/kg-K WM wfT :

LLLLLLLLLLLLLLLLYLLL

aifcrm ¢ Fam

AOOUOUDVINANNNY

/7777777777 7777777

Fruffa $ifse .

() Tafaret @ sifm gomm (kg #)
(i) fafet & sifm awm (K #)
(i) FA T e (kJ/K #H)
(iv) sufdwRE (kJ o)
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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?3.
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 :
<

Ll LLLLL

Helium &—7F

ext

NN \\\%\ NN\

L7777 777777777777777

Determine :
() 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) = fom # awii T aTgER 2 w1 g8t A a1 A, R foEw Fifg) “Ffwor s e 1@ @
qRia HIfse) wa &, §9 981 R w7 AR T, Fe-fe el ) w@n s R, @
T A H TN A e o % fae ww e e ot 3 i) o 96 g wme
TUHE W, @ 375 Heg IREANehdl G949 Jia I :

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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5. (a)

(b)

(c)

(d)

©Yus—B / SECTION—B

THo 330 39M H AY-347 aigura fafira witaren feafadl & sfavia sieeman ar & | fferfaa
ufifeufemt &, wroit afeq, frdft 35 % o ag-Ee squa 1 savaswa fafey

(i) T a1 fom-wR srawen

(i) TEH AT AMMH-TR e

(iii)  AfeRaR Wit T QUi-wR arEERn

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
(i) Cruising or part-load condition
(i) Maximum power or full-load condition

amgo o 5 H W Wed » b FE 87 g Hio IH ek b EYIS N H 3Ig@
s

What are the functions of lubricant used in IC engines? Mention the essential
properties of IC engine lubricant.

Foret aIfidt gg (Fsie AIS@) # 99 F Y9R % F9ER w1 aviA hife, s@ 38 fE W
anfera feren e ®

(i) Hfered g SrgaTd

(i) SAFY AH W AfE @ A

(iii) AFeY AF W FH I@ I

Describe the behaviour of steam flow in a convergent nozzle when it is
operated at—

(i) design pressure ratio;
(i) pressure ratio higher than the design value;
(i) pressure ratio lower than the design value.

T Ggy T wdted yefiad <k < go #, aredfoss ary gdfed yefiaq =% § died ufsea %
A T A fomeEt A gE R wy @, @ ee % wRo @ ' 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) & To Fo dio 3R Fgeh To o dio & w1 ik 27 v whfef & <1 =1 7m wwm gm?

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. (@) TF AA wH H, dlied F A9 # I I A9EH FEM: 1 91 (bar) 3R 47 °C 7d 21 AR
gfied & 3{d # 2@ 15 9% (bar) B, O 38 =% H Jgifos S q&qar hl AT HiT)

% % QA AYHAE d9HHE 2100 K B

oA Hifve—

(i) ufa frelum g1 A mgfd Hi 7 Fuw;
(i) wfa freimm g1 gr1 forn T %,

(i) TER % Fd ¥ IE|

C, =0-717 kJ/kg-K qdly =1-4 &fifm|

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;
(i) the work done per kg of air;
(i) the pressure at the end of expansion.

Take C, =0-717 kJ/kg-K and y =1-4. 20

(b) 200 m/s N Terh T AU 4 kg/s N FATA YAE & G THA-URH A WG ZEET
300 kW Ifth 3eq el 21 §8 ¥ 99 500 m/s I fd & fsperdl @ 3R S o one
0:92 | aft W zafed A W o1 | Feperd & T Trevm e 31 =mam ©, @ |+t F:io qan
AR@ a1 F Fufo ) wgF o Bis s

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

() ‘‘wuH qam  feufedt §, gremo 9 sEEiey gEfied yonet @ o 3o flo T AR
g gdtes wefiad woelt & dio 3o dlo ¥ FH A B1” F1 AR HUH FHATTGH gfE W HE =7
I IW w1 shfue fag i)

“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.



7.

(@)

(b)

TF s §99 W, Y4 ORI 396 6 MW R @1 dIgd WK 1-5 MW 21 40 @R (bar) @l
500 °C W 919 3I9a Bt & 3R 3@ T 2o & wiemm ¥ adiziiUs s @ fwafa =%
01 9R (bar) W €9 # SIS0 S@1 ¥ 994 ¥R # Yl zafzd ¥ 2 9R (bar) W 9N
Frebrersrt <1 St 2, f& T wshm 1w & 2 9 (bar) W HqW z@ # Gufia R S § iR
e sfaer & arew 99 fopran sman #) TeAEE o Tis st@ wmn | faiia i (j) SR #
919 IeqTe &Fal (kg/s W) T (ii) A9 WR F WieAw ¥ 919 H g0 vaE o (ke /s H) |

40 SR (bar), 500 °C W 99 & e § h =3445-21kJ/kg, s="7-09 kJ/keg-K.
I N F AU ofa § dom w9 arimEt w5 3w S

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 T-s diagram. Determine (i) the steam generation
capacity (in kg/s) of the boiler and (ii) mass flow rate (in kg/s) of the steam
through the heating load.

The steam properties at
s=7-09 kJ/kg-K.

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

40 bar, 500°C are h=3445-21kJ/kg,

T R717 @erol 49fe =3 wefifta 40 °C wafia a9 16 °C s amqH ® d=ifid 2 21
Ho 3o do dun Witk ufd TR Feifa i) R womeh § 15 °C qowR aw©h g T
% "9 T F3-am gEeh (Remfea) e faftmis sl fen s 2, @ o 3o do @en
it wfd TR R &1 wsra qem?

"M S B gaf aom w oA e Fe 341 kd/ke-K R, 59 B s Rtk @
ST FE R S @ 9o 2:9 kJ/kg-K ®, 5 o faftmim w swEm fen s R

R717 % o 419 arfeem § fag o §

LIl gt
arg (kJ/kg) (kJ/kg-K)
Q) 7 arsy 7= arsy
(h 7) (hg) (sf) (sg)
-16 126-73 1442-60 0-72511 5:8420
40 390-59 1490-42 1-64377 5-1558

P-h ¥Tt@ st SA15Y| AT9E AI9HH % FgEY A ) faRm s @ 2-38 kJ/ke-K TAT ST

T 2|

KVMS-B-MCH/7
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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 3-1 kJ/kg-K,
when no heat exchanger is used, and 29 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) Liquid Vapour Liquid Vapour
(hy) (hy) () (sy)
-16 126713 1442-60 0-72511 5-8420
40 390-59 1490-42 1-64377 51558

Draw the P-h diagram also. The specific heat of vapour corresponding to
evaporator temperature may be assumed as 2:38 kJ/kg-K. 20

(c) THo 3MMgo Yl Hio 3o I9H e it W 1 Fufor FA forr st 27 €989 o wwemsy)

How are the ratings of SI and CI engine fuels done? Explain in brief. 10

8. (a) U% JMHicd ¥M 1 25 °C DBT 41 50% RH W ST W@l Sl 81 sral aifefagt
40 °C DBT d¥1 27 °C WBT 2| 38 M § 24-5 kW i Haa S gfg Bt B | arargaiera
9 10 °C W HgH 91 % &9 H 39 WHE F AYfd F el 7)1 39 90 A T 91g "G (AR
WHE 21 91 uEes (ARR) § wEw A 9Tl 91 § 25% 9l 9y g 2}, 9 9w

(i) 38 WH W AGfd A T I H A TR K

(i) & AT F U

(i) a1g g9 (IER) H Maed TR (TR #) |
A (Wgshiafes) orar-fam aiferet 3ia & 9om 1 91y @, QSHEg IR@ S915T 91 T
R A wan-fam w ffie afwnsdt i qofsu)
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. 20
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(b)

()

(i) TE U F YA Hh TH o Hio T I G Wk F1d w B fafyr = aola
It

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

() T IR-faferet, IR-E 59 W Ry T whee § fEfafad e e fee
= =100 mm

@E=125mm

$SH @i TIfd = 1500 r.p.m.

399 # @Ud = 0-2 kg/min

3O T HA TH = 44000 kJ /kg

% o & IF1 3R % 991 &1 FR = 450 N
% gH ! uftfl = 300 cm

gfe #ifys 2@d 80% &, @ oM Hifsu—
(1) o FoHY e,

2) Hfua F=fE g,

(3) gfwa W= wuret T,

(4) w-fafim o9 @ga)

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.

35 m et wk faft 300 °C W v i+ fqufia # @ R, sef® uf@w 1 quwm 25 °C

B wfd kg $o7 Sam F U 16 kg 91g Hi amgfd Hi swh }) Faifa Hifm—

(i) & ®H mm B Iafed vara;

(i) T MW WY F HX § gEged ¥4

@) Terh A zaa, afe FEm ya &1 FEEw auEE 120 °C 9 ™ v e # s
faftre S 1-005 kJ/kg-K 2;

(iv) 3R 399 F Y& FAR AF 33000 kJ/kg 7, A WHfash Fard Jonedt § @ 6 T FoA
%1 gfoerd |
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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;

(iii) efficiency of the chimney, if the minimum temperature of artificial
draught is 120 °C and the mean specific heat of hot flue gases is
1-005 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

* %k Kk
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For Question No. 7(a) :

Saturated Water Pressure Entry

Press. — Specific Volume (m>/kg) Internal Energy (kJ/kg)
(kPa) (°C) Sat. Liquid Evap. Sat. Vapour  Sat. Liquid Evap. Sat. Vapour
°f vfg ‘g “s Ufg “g
06113 0-01 0:001000  206-131 206-132 0 23753 23753
10 6:98 0-001000 12920702 129-20802 29-29 235569 2384-98
15 13:03 0-001001 87-97913 87-98013 54-70 233863 2393-32
20 17-50 0:001001 67-00285  67-00385 73-47 2326-02 2399-48
25 21-08 0-001002 54-25285  54-25385 8847 231593 2404-40
30 2408 0:001003 4566402 4566502 101-03 2307-48 240851
40 2896 0-:001004 3479915  34-80015 121-44 229373 241517
50 32-88 0-001005 2819150 28-19251 13779 2282-70 2420-49
75 40-29 0-:001008 19-23674 19-23775 168-76 2261-74 2430-50
10° 45:81 0-001010 1467254 14-67355 191-79 2246-10 2437-89
15 53-97 0-001014 1002117 10-022 18 225-90 2222-83 2448-73
20 60-06 0-001017 7-64835 7-64937 251-35 220536 245671
25 64-97 0-001020 620322 6-20424 271-88 2191-21 2463-08
30 69-10 0-001022 522816 522918 289-18 2179-22 246840
40 7587 0-001026 3:99243 399345 317-51 2159-49 2477-00
50 81-33 0:001030 3-23931 3:24034 340-42 2143-43 248385
75 9177 0-001037 2:21607 221711 394-29 2112-39 2496-67
100 99-62 0-:001043 1-69296 1-69400 417-33 208872 2506-06
125 10599 0:001048 1-37385 1-37490 444-16 2069-32 251348
150 111-37 0:001053 1-15828 1-15933 46692 205272 2519-64
175 116:06 0:001057 1-00257 1-00363 48678 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 079325 520-45 2013-10 2533:56
250 127-43 0:001067 0-71765 071871 535-08 200214 253721
278 130-60 0:001070 0-65624 065731 548-57 1991-95 2540-53
300 133:55 0:001073 060475 0-60582 561-13 198243 2543-55
325 136:30 0-001076 0-56093 0-56201 572-88 1973-46 2546-34
350. 138-88 0:001079 0-52317 0-52425 583-93 1964-98 254892
375 141-32 0-:001081 0-49029 0-49137 594-38 1956-93 2551-31
400 143-63 0-001084 046138 046246 604-29 1949-26 2553:55
450 147-93 0-001088 0-41289 0-41398 622:75 1934-87 2557-62
500 151-86 0-:001093 0-37380 0-37489 639-66 1921-57 256123
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 029158 029268 683'55 1886-51 2570:06
700 164-97 0:001108 027176 027286 69643 1876:07 2572:49
750 16777 0:001111 025449 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)
Press. Temp.
(kPa) (°C) Sat. Liquid Evap. Sat. Vapour  Sat. Liquid Evap.  Sat. Vapour
hf hfg hg v A Sfg Sg
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
1-5 13-:03 5470 2470-59 2525:30 0:1956 8:6322 8:8278
2:0 17-50 73:47 2460-02 2533-49 0-2607 8:4629 8:7236
2-5 21-08 8847 2451-56 2540-03 0-3120 8-:3311 8:6431
3:0 24-08 101-03 244447 254550 0-3545 8:2231 8:5775
40 2896 121-44 2432:93 2554-37 0-4226 8:0520 84746
50 32-88 13779 242366 2561-45 0-4763 79187 8:3950
7-5 40-29 168-77 2406-02 2574-79 0-:5763 76751 8:2514
10 45-81 191-81 2392-82 258463 0:6492 7-5010 8:1501
15 53-97 22591 2373-14 2599-06 0-7548 7-2536 8:0084
20 60-06 251-38 235833 2609-70 0-8319 7-:0766 7-9085
25 64-97 271-90 2346:29 2618-19 0-8930 6-9383 7-8313
30 69-10 28921 2336-07 262528 0-9439 6-8247 7-7686
40. 75-87 317-55 2319-19 263674 1-0258 6-6441 7-6700
50 81-33 340-47 2305-40 2645-87 1-:0910 6:5029 7-5939
75 91-77 384-36 2278-59 2662-96 1-2129 62434 7-4563
100 99-62 417-44 2258-02 267546 1-3025 6:0568 7-3593
125 105-99 444-30 2241-05 2685:35 1-:3739 59104 7-2843
150 111-37 467-08 222646 2693-54 1:4335 5:7897 7-2232
175 11606 486-97 2213-57 2700-53 1-4848 5:6868 71717
200 120-23 504-68 2201-96 270663 1-5300 5:5970 1271
225 124-00 52069 2191-35 2712:04 1-5705 55173 7-0878
250 127-43 53534 2181-55 271689 1-:6072 - 54455 7-0526
275 130-60 54887 2172-42 2721-29 1-6407 5-3801 7-0208
300 133:55 56145 2163-85 272530 16717 5:3201 69918
325 136:30 573:23 215576 272899 17005 52646 69651
350 138:88 584-31 2148-10 2732-40 17274 52130 6:9404
375 141-32 594-79 2140-79 2735'58 1-7527 5:1647 69174
400 14363 604-73 2133:81 2738:53 17766 5:1193 6:8958
450 147-93 62324 212067 274391 1-8206 5:0359 6:8565
500 151-86 640-21 210847 274867 1-8606 4-9606 6:8212
550 155:48 65591 2097-04 2752-94 1-8972 4-8920 6-7892
600 158:85 670-54 208626 2756-80 19311 4-8289 6-7600
650 162-01 684-26 2076-04 2760-30 1-9627 47704 6-7330
700 164-97 697:20 2066-30 2763-50 1-9922 4-7158 6-7080
750 16777 709:45 2056-98 276643 2:0199 46647 6:6846
800 17043 721-10 2048:04 2769-13 2:0461 46166 6:6627
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For Question No. 8(a) :
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