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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.

Questions no. 1 and 5 are compulsory and out of the remaining, any 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 (QCA) Booklet must be clearly struck off.
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Q1.

(a)

(b)

WUg A
SECTION A

T foee-faforet famma & 2 gm arg &t wen Sfvwaer vt & fefRad
(i) Ok EEISH SER e ST T & ST |

(ii) ook feort arer ok fSTit STTrat bt wreTet 36k YT 7 o of o7 § |

(i) T fer S defte St et ST+t grifiver svaeerm & ST ST 2 |

I ST H 150°C 9 5 atm W 2 | Wehdl % A & a1 T BRT 0 32 e b
fteher Hifer |

A 2 gm quantity of air undergoes the following sequence of quasi-static

processes in a piston-cylinder arrangement :
(i) An adiabatic expansion in which the volume doubles.

(ii) A constant pressure process in which the volume is reduced to its

initial value.
(iii) A constant volume compression back to the initial state.

The air is initially at 150°C and 5 atm. Calculate net work on the air in

the sequence of processes.

T G T forem e ek srmin et ‘A @ Fl doe A, # | 3w srmin
WAV, T i WV, ® | 7R s s ®e (V,, > V) i e w0 & v e
1 FH T @ | T TE § el iRl # ot #1 freafa # wwar 2 2 afk =, &
U I HT AT, HHT I St TN T FeErrar & 3fa g i |

Consider a nozzle of inlet area ‘A" and outlet area ‘Ay’. The velocity is
V.’ at inlet and V' at outlet. This nozzle accelerates the incompressible
fluid (Vz > VI} and decreases the pressure. Can this nozzle in any
condition, deaccelerate the fluid ? If yes, then justify your answer with

the help of continuity, momentum and energy equations.
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(© wF TaRf e % L7 m e ¥ vz, S op-ffrr vl @ s e &
STt 2, 3 AT frer 3 R e e HIN | T EH I § W/m?
T I T R | ) U e g w9 & A B 74 ol g Ty, °C o e
mwﬁlﬁﬁlmawmwmﬁuﬁwwmm&ﬁ@m
T AT Thrget off SA1E |

Deduce an expression for the temperature distribution in an infinite
long slab of thickness “L” m under one-dimensional steady state heat
conduction. The slab uniformly generates heat of q W/m3. One of its
surfaces is perfectly insulated and the other surface is maintained at a
constant temperature of T, °C. Also plot the temperature profile clearly
mentioning the maximum and minimum temperatures and the location.

10

(@) s e hE et ¥ e ot & v sfafmEn A R = ﬁ w7

% 2, el k o UITeR & | SotE 3T “u’ A AT ST A, e A S foh S I
¥ foru &, 3 wer v fafRree weier wonfie @ | gwiisy foh e deier

1_k+1
A
et ‘o’ am’r:réw‘vl’ao—c‘tgéﬂ‘u’awwma‘m%|

cos ‘o’ GRT T4 TR SITaT # |

For special cases of axial flow reaction turbines with degree of reaction
in the form R = E%, where k is an integer, a special relationship
exists between the blade velocity ‘v’ and fluid inlet velocity or velocity for

maximum utilization. Show that this relationship is given by

u _k+1
Vi 2%k

cos ‘o’.

Here ‘o’ is angle between inlet velocity ‘V,’ and blade velocity g o 10
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Q2.

(e)

(a)

FUiEH A St Gl JATE 3 “0” m/s & T°C ATTHH W 2, T =19 9feaht F SRy
ST BT & Saifeh 9T Ty, °C (T # Ty) 3 R a1ow o welt 8 | ware st
801 3 offat & | i Tl o6 fo (i) Pr < 1, (i) Pr = 19 (i) Pr > 1, 59} afg &
forpferd gu sftr 7 zamfos dar vt # smifie Sedt w1 s @it |
JUFHI B U I I B St samEw |

(ST TeaT 3 fore o acedt 3 forw oftr amiv smmen )

Incompressible fluid having free stream velocity of “u” m/s and
temperature of T°C flows over a flat plate maintained at a constant
temperature of T °C (T # T)- Flow is within the laminar region. Draw
the relative thicknesses of thermal and hydrodynamic boundary layers
developed on the flat plate for three fluids having (i) Pr< 1, (ii) Pr = 1

and (iii) Pr > 1. Justify your answer appropriately.

(Draw three diagrams for three fluids for better clarity)

AT 5 om AT ¥ ST & 7F G ¥ | A A S P e 3 S 9 AT 70 ms,

A9H 80°C 9 A1 1 MPa ® | (X 9137 25 m &=it 2, &t w159 % fofe w2 amomm, 2
T Aok HAT T AT | 7 A B e st & dem sme endor o 0005 % |
Her™ HAT (Fanno) ATfershT &1 ST Hifvyw |

Air flows through a 5 cm diameter pipe. Measurements indicate that at
the inlet to the pipe the velocity is 70 m/s, the temperature is 80°C and
the pressure 1 MPa. Find the temperature, the pressure, and the Mach
Number at the exit of the pipe if the pipe is 25 m long. Assume that the
flow is adiabatic and the mean friction factor is 0-005.

Use Fanno table attached.
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Question 2(a)

Frictional, Adiabatic, Constant-Area Flow (Fanno Line)

Perfect Gas, k= 1.4

PHKM-B-MCH

A%
M TIT* p/p* Po/ Po* and F/F* 4fLyax! D
P*lp

0.00 1.2000 = oo 0.00000 o0 oa

05 1.1994 21.903 11.5914 .056476 9.1584 280.02

10 1.1976 10.9435 5.8218 .10943 4.6236 66.922

15 1.1946 7.2866 3.9103 .16395 3.1317 27.932
20 1.1905 5.4555 2.9635 21822 2.4004 14.533
.25 1.1852 4.3546 2.4027 27217 1.9732 8.4834
.30 1.1788 3.6190 2.0351 325672 1.6979 5.2992
.35 1.1713 3.0922 1.7780 .37880 1.5094 3.4525
40 1.1628 2.6958 1.5901 43133 1.3749 2.3085
.45 1.1533 2.3865 1.4486 48326 1.2763 1.5664
.50 1.1429 2.1381 1.3399 .53453 1.2027 1.06908
.55 1.13156 1.9341 1.2549 .58506 1.1472 .72805
.60 1.1194 1.7634 1.1882 63481 1.10504 .49081
.65 1.10650 1.6183 1.1356 .68374 1.07314 .32460
.70 1.09290 1.4934 1.09436  .73179 1.04915 .20814
775 1.07856 1.3848 1.06242 77893 1.03137 12728
.80 1.06383 1.2892 1.03823 .82514 1.01853 .07229
.85 1.04849 1.2047 1.02067 .87037 1.00966 .03632
.90 1.03270 1.12913  1.00887 .91459 1.00399 014513
.95 1.01652 1.06129  1.00215 95782 1.00093 .003280
1.00 1.00000 1.00000 1.00000 1.00000 1.00000 0
1.05 .98320 94435  1.00203 1.04115 1.00082 002712
1.10 .96618 89359  1.00793 1.08124 1.00305 .009933
1.15 .94899 84710 1.01746 1.1203 1.00646 .02053
1.20 .93168 .80436  1.03044 1.1583 1.01082 .03364
1.25 .91429 76495  1.04676 1.1952 1.01594 .04858
1.30 .89686 72848  1.06630 1.2311 1.02169 .06483
1.36 .87944 69466  1.08904 1.2660 1.02794 .08199
1.40 .86207 66320  1.1149 1.2999 1.03458 .09974
1.45 84477 63387  1.1440 1.3327 1.04153 .11782
1.50 .82759 60648  1.1762 1.3646 1.04870 .13605
1.55 .81054 58084  1.2116 1.3955 1.05604 15427
1.60 .79365 55679  1.2502 1.4254 1.06348 17236
1.65 77695 .53421 1.2922 1.4544 1.07098 .19022
1.70 76046 51297  1.3376 1.4825 1.07851 .20780
1.75 74419 49295  1.3865 1.5097 1.08603 .22504
1.80 .72816 A7407  1.4390 1.5360 1.09352 .24189
1.85 71238 45623  1.4952 1.5614 1.1009 25832
1.90 .69686 43936  1.5552 1.5861 1.1083 .27433
1.95 .68162 42339  1.6193 1.6099 1.1155 .28989
2.00 .66667 40825  1.6875 1.6330 1.1227 .30499
2.05 .65200 39389  1.7600 1.6553 1.1297 .31965
2.10 63762 .38024  1.8369 1.6769 1.1366 .33385
2.15 .62354 36728  1.9185 1.6977 1.1434 .34760
2.20 60976 35494  2.0050 1.7179 1.1500 .36091
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(b) T &fas dlel (k = 330 W/mK) &t 7ferer1, freer sl =am@ 25 mm, At
2:5 mm I TS 10 m 8, F ZRT UF Hq« 79 9 — 7°C W Yared ar & |
AfeteT 20°C W afEwr Ay & 3 2 | Af yaE & 0.0012 kg/s & aTHT ¥ T
FEHT 400 kJ/kg #, @1 Afcrert & fie oz wefteer 1 yrehaier s Hif |

280 K W a1 & Tl & A, ffaa & -

p=1271kg/m®  k=0-0246 WmK
Y=14x10°m%s, Pr=0-717
T &St AfcrehT & WTehfersh Hae % fore Fraforfiaa wesse s y@nm Hifv -

Nug = (0-48)[Gr . Pr]0-25

ditel 3t Afcrent @ wefiaes & AT dT9-37eR o WIfT | ater s Aferent o1 el wfid
oY o mrfa |

Saturated liquid refrigerant at — 7°C flows through a horizontal copper
(k = 330 W/mK) tube of inside diameter 25 mm, thickness 2-5 mm and
length 10 m. The tube is exposed to surrounding air at 20°C. Find the

exit dryness fraction of the refrigerant from the tube if the flow rate is
0-0012 kg/s and latent heat of evaporation is 400 kJ/kg.

Take the property values of air at 280 K as given below :
p=1271kg/m3, k=0-0246 WmK
y=14x10° m?%s, Pr=0-717

For natural convection from a horizontal tube, the following correlation
be used :

Nug = (0-48)[Gr . Pr]0-25

Neglect the temperature difference between the copper tube and the
refrigerant. Also neglect the thermal resistance of copper tube. 20

(© () v % FEm § ReH-seesaH fam w ugss i fafr awemse | o Fe ae
I %ol Icusies wfeh oft a9 HfC 5w =919 5 em & RS 500 K ®
Nﬂ'gﬁﬁ?mw%l

0 =567 x 1078 W/m2K* fifsre |
Explain the procedure to arrive at Stefan-Boltzmann law from the

Planck’s law. Also find the total emissive power of a black sphere of
5 cm diameter maintained at 500 K.

Take ¢ = 5-67 x 1078 W/m2K4, 5

PHKM-B-MCH 6



Gi) o ¥ Frm & i % R Feaw ok age A fafr w9l 9w
qoded o ot SifRrshan uehavii Seate ik OTé STt €, 0-55 um &, A g &
AT i +ff 1 T |
7 e = 2.9 mm K #ifSw |

Explain the procedure of arriving at Wien’s displacement law from
Planck’s law. Also find the temperature of the sun if the
wavelength at which maximum monochromatic emissive power is
received is 0-55 pm.

Take Wien’s constant = 2:9 mm K.

Q3. (a) wmﬁtmwﬁmﬁimmﬁwwmﬁw&ﬁmwa
T FEsa 20 kPa T 500 kg/s Hqud W19 i ST Gt § vaw & @ 2, 36 99
St 3 gufid 0 & 2 | Sfiae s e fafafien i afs fi afaerst @ St 50 mm
TG T 0T Hierd i §, 35°C T YA B 45°C T AR et @ | At At
ST ST O 1500 W/m?2K # | S fafafee 3 for Fefefia a6 am it

(i) e AT el Jre & |

(i) SATEvae AT i et Al Afersht ST 1 T = 1.0 m/s & |
(iii) Tk Aferent i T |

(iv) TAfereRTatt 1 Fel e |

freferfiaa it % Wi i -

S HC, =42 kl/kg K

St %1 99ed = 1000 kg/m3

ﬂW%ﬁ-ﬂl:

T = 60°C

hg, = 2600 kJ/kg
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A shell and tube heat exchanger used in a thermal power plant is
designed to condense 500 kg/s of saturated steam entering the condenser
at 20 kPa to saturated water. Cooling water enters the heat exchanger
at 35°C and leaves at 45°C while flowing through copper tubes of
50 mm diameter with negligible thickness. Overall heat transfer
coefficient is estimated to be 1500 W/m2K. Find the following for the
heat exchanger :

(1) Total water flow rate required.

(ii) Number of tubes required if water velocity = 1-0 m/s in the tube.
(iii) Length of each tube.

(iv) Total length of the tubes.

Take the following property values :

Cp of water = 4-2 kJ/kg.K

Density of water = 1000 kg/m3

For Steam :
T saturation — =60°C
hg, = 2600 kJ/kg 20

(b)  UF HYHET 99 F UH TANHI U7 & Sl T QIR GUSIST | AT 97 ¥ daf i
T ve 1 wwemsw | 7o Rty seammedt 4w & swomenss 8 wehdt & 2 3 & a2

Explain in detail the differences between a centrifugal pump and a
reciprocating pump. Explain the term slip with reference to
reciprocating pump. Can slip be negative in a reciprocating pump ? If
yes, then when ? 20

(© T Jfadi-yaE diteh H1 WA, 1 atm, 25°C A Y F T TGS THT §
10 atm o Giifed F0t % e e mar 2 | e ¥ forw o FRr 25T 90% 2 |
S 2 T sraferdHterar we fefter form aaram ot wmomm hifde | T, = 15°C ffvrg |
A steady-flow compressor is used to compress air from 1 atm, 25°C to
10 atm in an adiabatic process. The first-law efficiency for the process is

90%. Calculate the irreversibility for the process and the second-law
efficiency. Take T, = 15°C. 10

PHKM-B-MCH 8



Q4. (a) U SEH-FTET g 1 s U S, 9Ef 3T 800 kPa F ATTHH 40°C ®,
a1 ¥ s 3 forw fe e ® o 3 2.5 & e S Wk | g3 HS awe
0-0025 m? & | Frfefaa =i Fra Hife :

(i)
(ii)
(iii)
(iv)
()
(vi)
(vii)

(viii)

fesrg w1at o 3f=ia e g0 e |

qe o1 fiw arwet |

feTe Tv=-aTe AT 36 UvE-aTe W S g i ST T o |
T g forgeh foTe e # et Saeatie e ) |
veT-gTer o O AT T AT S 3 foe del aE |

vver-are foress = g & srerra @l AT |

gvar-aTer foreeh S foradt s At g % Feie aeE |

veT-aTe foresh St R adt g & friw o e |

T (TSRS IT) & WeITe @Ot shr SRRt ST it 3id § Her € |

A convergent-divergent nozzle is designed to expand air from a chamber

in which the pressure is 800 kPa and temperature is 40°C to give
Mach 2-5. The throat area of the nozzle is 0-0025 m2. Find the following :

(1)

(ii)

(iii)

(iv)

(v)

(vi)

(vii)

(viii)

The flow rate through the nozzle under design conditions.
The exit area of the nozzle.

The design back-pressure and the temperature of the air leaving
the nozzle with this back-pressure.

The lowest back-pressure for which there is only subsonic flow in
the nozzle.

The back-pressure at which there is a normal shock wave on the
exit plane of the nozzle. _

The back-pressure below which there are no shock waves in the

nozzle.

The back-pressure over which there are oblique shock waves in
the exhaust from the nozzle.

The back-pressure over which there are expansion waves in the
exhaust from the nozzle.

Use Isentropic and Shock tables attached at the end.

PHKM-B-MCH
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(b)

U SRt geard afgent e arars 1 m, Sei 1 m 3R W2 10 mm 2, 4w
fRorfer o et 2 | wfigan ot Srffer <rerehem 10 W/mK 2 | afgert 0t 19 ot e ot i
H 700°C W Geft & Sf el wqe i ST St i 50 W/m2K # | 69°C W
afEeT sht ST FAE I AT G ST fobar S @ St o St wew 3 wHE w @
2 | foperen Qe & fore wfigs & fopelt st b e s aToE 400°C @
i T & =fe | wfew srgiv de & sl o 7 @ 7w ghifa = % R
AT 1Y HT ZAAH ALHT AT 1 HI | gz & B A waet F 2 areft
ST B T 707 HfT o vsh-forefter e sfeor wif | e 9 g ¥ R
Treferfaa wessy @y Hifs

Nuj, = Pr?333 [0-037 Re{®8 871}
1 | HeA WO & AT 3 ST O HT 5 FI |

A stainless steel plate of 1 m length, 1 m width and 10 mm thickness is
kept horizontal. The thermal conductivity of the plate is 10 W/mK.
Bottom surface of the plate is exposed to hot gases at 700°C with heat
transfer coefficient at the bottom surface of 50 W/m2K. Top surface of
the plate is cooled by air at 69°C and flowing parallel to the top surface.
Any part of the plate should not exceed a maximum permissible
temperature of 400°C to avoid failure. Find the minimum permissible
velocity of the air required to ensure the plate does not get over-heated
beyond the permissible limit. Neglect the heat loss from the side
surfaces of the plate and assume one-dimensional heat transfer. Use the

following correlation to solve the problem :
Nujp, = Pr0333 [0-037 Rel8 871]

Take the appropriate properties of the air from the table attached at the
end.

PHKM-B-MCH 10
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(c) (1)

(i1)

PHKM-B-MCH

T FEATER T afget T, °C” qI9HH T AT TEn T ® qut “T,°C”
fasifia araTaofia arg # ST R T R | A Ty, < T, R, A S O
dor we, S afesr # Tae W e g € S e awisy | ay §@
T h,” i afe it St aee 1 R i e | e i ol
T T et e Hae T ferm Shifse |

A vertical flat plate is maintained at a temperature of “T,°C” and
exposed to a stagnant atmospheric air “T,°C”. If T, < T,, show the
shape of thermal and velocity boundary layers developed on the
surface of the plate. Also show the variation “h,” along the vertical

surface of the plate. Assume the flow is within the laminar region

and consider only free convection.

U T e AT # 98 @1 & S R e ST et Tad S § | YA
faregeer waire &1 7 2 forert fzw- et (Dittus-Boelter) Wewser 1 M, it
WWNuMWﬁ%%ﬁ%ﬂTW%:

Nug = (0-023) Re08 Pr04
FferT %1 TAE AIHH T2 % o, 7w Hele &t St @ R yare a9 g
IR, | T3 T AT 35 BT AT ST 0T H NI srrert shi Jrd shIfore |

A fluid flows through a tube exposed to constant heat flux
condition. The flow is in the turbulent flow regime for which the
Dittus-Boelter correlation is applicable for determining the Nu

number as given below :
Nug = (0-023) Re08 Pr0-4

In order to reduce the surface temperature of the tube, it is
suggested to double the velocity of the flow. Find the percentage

increase in the heat transfer coefficient due to increased velocity.

11
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Q5.

(a)

(b)

(c)

@vs B

SECTION B

TIieh SRIerl # ITART B aTet o YR % @I % HrAT P G | TF Tos
NG AR W I FT AT W FT G ST | ary & fastfaas (@mmm
GIHE) T 1 off Fq730 |

Explain the functions of three types of superheaters used in power
boilers. Sketch the heat addition process in them on a T-s chart. Also
mention the function of desuperheater (or attemperator).

TS SIS, S H1 AT F 5T, HE-3eq1e G431 3 - Rrgir 1 aweimse |

Explain the principle of operation of cogeneration plants using a
schematic diagram.

U WA O SAVEIET § R-134a i FEGRT 96 F &9 & T FaT ¥ |
I+ 3@ 1200 kPa, f%1 a1 101-3 kPa ot @ftes wfoadt & | 3% o 7 @
500 W foehrern @ it o andt — 20°C @ (wh & Ty, % e 79 2) a1yt <Y 5w
SIRTHfere €T T R | =56 T COP ot 3Tareah feregal wife 9 ifd |

e fin ot Afaaria R-134a Y 1200 kPa W u=iedt 430 kJ/kg oft 5T Gehelt
gl

U R-134a T 07 aTferehr, St 3 37 & <t ¢ R, 1 i i | direes § wftas
T AT % §9 § YA FHEAT 2 |

A refrigerator in a laboratory uses R-134a as the working substance.
The high pressure is 1200 kPa, the low pressure is 101-8 kPa and the
compressor is reversible. It should remove 500 W from a specimen
currently at —20°C (not equal to Ty, in the cycle), that is inside the
refrigerated space. Find the cycle COP and the electrical power required.
The enthalpy of superheated R-134a at 1200 kPa may be taken as
430 kJ/kg at compressor outlet.

Use the R-134a property table attached. The refrigerant enters the
compressor as saturated vapour.

PHKM-B-MCH 12
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(d)

(e)

(a)

SI F9aT CI, FH-TT 354 I=ae 37e™ HC Ieasid fehreram & ? IC $t & UHC
ST 3 9T HOT & 2 HAT T T |

SI or CI, which engine emits higher unburnt HC emissions ? What are

the causes for UHC emissions from IC engines ? Explain in brief.

e AT T T AT, SAETer: 1T Witerg | farfm arareger Sehut 7 3ot
I SRt 2 TP T Hehell € |

Draw the schematic arrangement diagram of an air washer. Describe

the various air-conditioning processes it can perform.

e = fferet el 399 &1 91 75 mm 97 s T S8 100 mm ? | 36
3000 rpm T AT ST & TT 38 711 9 T 5ok o foreg, Foraehi set-amepet i oy
40 cm &, TreT R ST # | 9 39 R 150 N q9T $o it @ud 7-8 I/h e %
A g e | us A 2% frar mar qur it A 1, 2, 3, 4 F A H A9
he-3T132 foha T & STafer qeEdl s WISl 110 N, 108 N, 106 N 104 N
g | @ fafire e 0.79 form Smowwar ® qun SEH helffeE WA
44000 kJ/kg & |

frefefaa 6 morm fifs
(i) s IRk

(ii) bmep

(i) bsfe

(iv) gfea wifth

(v) it ggan

(vi) imep

PHKM-B-MCH 13
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(b)

A four-cylinder gasoline engine has a bore of 75 mm and a stroke length
of 100 mm. It is operated at 3000 rpm and tested at this speed against a
brake which has a torque arm of 40 cm. The net brake load is 150 N and
the fuel consumption is observed as 7-8 I/h. A Morse test is carried out
and the cylinders are cut-out in the order 1, 2,3,4 with the
corresponding brake loads of 110N, 108N, 106 N and 104 N
respectively. The specific gravity of the fuel may be taken as 0-79 and it
has a calorific value of 44000 kJ/kg.

Calculate the following :

(i) brake power

(ii) bmep

(iii) bsfe

(iv) indicated power

(v) mechanical efficiency

(vi) imep |

Teh ST U ST U STER1 AT HTS =I5k W R-134a o Q19 19 4T &, IHEHT 94N
T U 9T I T FoRAT ST ® 991 5T St 20°C W ST TET ST £ S iE 10°C F
Y-SS 1 SAT-EIG % T § ITINT § AT 9061 R | 5K 75 MJ/h i & & FH @Y @

& | A 7 Hafae a1 9 320 kPa & 800 kPa & | 37 U9 § wifte f3wr wa
STCRIeT ATk o ST % ForT S5onT o g srerer 1 ¢ forega wife i ifd |
AT R-134a T 800 kPa T Heies & i v wiiedt 420 kJ/kg oft 1 @ahelt
2l

R-134a %1 107 drferer, St 3 311 & T 8, 1 930 Hifvr |

Hfteeh % YA W Eed aTST ot ST Hehell 2 |

PHKM-B-MCH 14
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A heat pump that operates on ideal vapour compression cycle with
R-134a is used to heat a house and maintain it at 20°C, using
underground water at 10°C as the heat source. The house is losing heat
at a rate of 75 MJ/h. The evaporator and condenser pressure are
320 kPa and 800 kPa respectively. Determine the power input to the
heat pump and the electric power saved by the heat pump instead of
using a resistance heater.

The enthalpy of superheated R-134a at 800 kPa at compressor outlet
may be taken as 420 kJ/kg.

Use the R-134a property table attached at the end.

The inlet to the compressor may be taken as saturated vapour. 20

(¢) 9 ZeaTEl H YNt B arel foheel a1 Wb o rffaeeon it s ol & Arem
quATRY |
Explain using neat sketches any two types of governing used in steam
turbines. 10

Q7. (a) UF T with WA § W@ e areft s vfiaT HiAR § 26,000 kg/s F X &
ag DBT = 20°C & 3 A1EaT 20% W a9 Ll & | 98 v #H/ S
35°C DBT a@ 80% 3Tdfareh SATsar T et 2 |

. FrefaRed 5 ma i
(i) AT H AT TR He ST
(i) et 3 AT g
(iti)  waw F e WA 1 WBT
(iv)  iiad HR § a1 % ST YaTe 3§ aiEd

[I. TR aTe Ut W i Uy |
= | G ArgshiHifes 91 @ yanT ife |

In a cooling tower used in a thermal power plant, 26,000 kg/s of air
enters at DBT = 20°C and relative humidity at 20%. It leaves the cooling
tower at 35°C DBT and 80% relative humidity.

L Find the following :
(i) Total heat added to the air
(ii) Evaporation loss of water
(i11) WBT of the air at inlet and exit

(iv) Change in the volume flow rate of the air in the cooling
tower

[I. Explain the process on the Psychrometric chart.
Use Psychrometric chart attached at the end. 20
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(b) T WY Ve H I H 20 kg/s HTT I 2 MPa  600°C T F F |1, FH
T @ | FE 50°C T HT HLT 2, Sk 98 Il 7 &7, 20°C 3fad q19ar areft
Tl T R | T e T AT & S e & Fewor 600 kPa W Frie w Hgw
79 % &9 § @ | Frswfia vare (59) 6 somm yarw o 3@ fifve | 3Rk 1 F e
F1 5°C ¥ FH T Fel AT A1, At e ster 7t & oy fyfafier (gufen # 4y
AT LT 2
2 MPa, 600°C T 99 & 0T & :
h = 3690-14 kJ/kg
s = 7-7023 kJ/kg K
600 kPa LT s = 7-7023 kJ/kg K, h = 3270-25 kJ/kg #fifow |

3= U o T @1 & erar wra arforEt st 3w iR |

A steam power plant operates with a boiler output of 20 kg/s steam at
2 MPa and 600°C. The condenser operates at 50°C, dumping energy into
a river that has an average temperature of 20°C. There is an open feed
heater with extraction from the turbine at 600 kPa, at its exit is
saturated liquid. Find the mass flow rate of the extracted flow (liquid). If
the river water should not be heated more than 5°C, how much water
should be pumped from the river to the heat exchanger (condenser) ?
The steam properties at 2 MPa, 600°C are :

h = 3690-14 kJ/kg

s = 7-7023 kJ/kg K

At 600 kPa and for s = 7-7023 kJ/kg K, take h = 3270-25 kJ/kg.

Use the Steam Tables given at the end to get other properties. 20

(¢)  IC 35H &1 3fta Uah St Guear 8 | IC ST § ST a0 sl T91fad 1 aret
fafSr= seht i Fag #§ faa=mr i |

IC engine cooling is a complex issue. Discuss in brief various factors
affecting the heat transfer from IC engines. 10
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Q8. (a) U HE-ICUEH WU Ytk G SFer I 25 ke/s ¥TT 7 MPa, 500°C W 3d §¢
FE & | GUfE 7.5 kPa TG @ q91 I5hH I I 500 kPa T, 5 keg/s i &
¥ ZeETe & Firelt St @ quT Y4 % e 100 kPa W HIW 59 % §9 § 9199 i
STl 2 | gt SrarEal i ATest O §Y, 14 I :
(i) EEfE 99 S Bre aTet ST 1 argH=
(i) T @M AT
(iii) e A ST AT
- @S % AN WHIHT h = 3410 kJ/kg T s = 6-802 kdJ/kg K
31 T T WTT GRIvET & el 1 oft 3= i |

A cogenerating steam power plant operates with a boiler output of
25 kg/s steam at 7 MPa, 500°C. The condenser operates at 7-5 kPa and
the process heat is extracted at 5 kg/s from the turbine at 500 kPa and
after use is returned as saturated liquid at 100 kPa. Assuming all

components are ideal, find :

(i) temperature of water leaving the condenser pump
(i) total turbine output

(iii) total process heat transfer

At inlet to the turbine, assume h = 3410 kJ/kg and s = 6-802 kd/kg K

Also, use data from Steam Tables given at the end. 20

(b) U I=eeT (IC) 35 ¥ $U9 | 85% F1ed, 10% TI5eISH, 3% T a1 A9
ATEEISH, W o AT oI F TTIT ST @ | TR e 9 & Wl arg/eu S 1
forerfeor s | afe 309% e arg it sl 1 St 2, @ Yok SeaTel & e
forepr 1 ST Here, W TS SATIaH o STHR 0 1 Hife |
The fuel of an IC engine contains 85% carbon, 10% hydrogen, 3% oxygen
and the remaining is nitrogen in composition by weight. Determine the
chemically correct Air/Fuel ratio. If 30% excess air is supplied, find the
percentage composition of dry products of combustion exhaust by weight

and by volume. 20
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(c) T IF=aed (IC) 35 o e ot TTfoash weerT Iueht STawhie vgfiy it &4 ol
AT & 2 T § qHTT |

Explain in brief, how the molecular structure of the IC engine fuels
affects the tendency to knock. 10
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Question 4(a) Isentropic Flow
Perfect Gas, k =1.4

M M* plpg ooy TIT, A/A* F/F* % : %
0 0 1.0000,0 1.0000,0  1.00000 o = =

.01 01096  .9999,3  .9999,5 .99998 5,7.874 4,5.650 5,7.870
.02 02191 99972  .9998,0 .99992 2,8.942 2,2.834 2,8.934
.03 03286  .9993,7  .9995,5 .99982 1,9.300 15.,232 1,9.288
04 04381  .9988,8  .9992,0 .99968 14.,482 11.,435 14.,465
.05 05476  .99825  .9987,5 .99950 11.5,915 9.,1584 11.,5712
.06 06570  .9974,8  .9982,0 .99928 9.6,659 7.,6428 9.6415
.07 07664 99658 .9975,5 .99902 8.2,915 6.5,620 8.2,631
.08 08758  .9955.3  .9968,0 99872 7.2,616 5.7,529 7.2,291
.09 09851  .99435  .9959,6 .99838 6.4,613 5.1,249 6.4,248
.10 10943  .9930,3  .9950,2 .99800 5.8,218 4.6,236 5.7,812
5§ § 12035 99157  .9939.8 99758 5.2,992 4.2,146 5.2,546
12 13126 .9899,8  .99284 99714 4.8,643 3.8,747 48,157
13 14216 98826  .9916,0 .99664 4.4,968 3.58,80 4.4,440
14 15306  .9864,0  .9902,7 99610 4.18,24 3.34,32 412,55
15 16395 98441  .98884 .99552 3.91,03 31817 3.84,93
16 17483 98228  .9873,1 .99490 3.67,27 294,74 3.60,76
5 &7 18569  .9800,3  .9856,9 .99425 3.46,35 2.78,55 3.39,43
18 19654 97765  .9839,8 .99356 3.27,79 2.64,22 3.20,46
19 20738 97514  .9821,7 99283 3.11,22 2.51,46 3.03,48
20 21822 97250  .9802,7 .99206 2.96,35 2.40,04 2.88,20
21 22904 96973 .97828 99125 2.82,93 2.29.76 2.74,37
29 23984  .9668,5 .9762,1 99041 2.70,76 2.20,46 2.61,78
23 25063 .96383  .9740,3 .98953 2.59,68 2.12,03 2.50,29
24 26141 96070 97177 ,98861 .49, 56 2.04,34 2.39,75
95 27216 95745  .9694,2 .98765 2.40,27 1.97,32 2.30,05
26 28291 95408  .9669,9 .98666 2.31,73 1.90,88 2.21,09
27 29364  .9506,0 .9644.,6 .98563 2.23.85 1.84,96 2.12,79
28 30435  .9470,0 .9618,5 .98456 2.16,56 1.795,0 2.05,08
29 31504  .94329  .9591,6 98346 2.09,79 1.744.6 1.97,89
.30 32572 93947 .9563,8 .98232 2.035,1 1.697,9 1.9119
31 33638 93554  .9535,2 98114 1.976,5 1.654,6 1.849,1
.32 34701 93150 .9505,8 .97993 1.921.8 1.614,4 1.790,2
.33 35762  .9273,6 .94756 .97868 1.870,7 1.576,9 1.734,8
34 36821  .9231,2 .94446 .97740 1.822,9 1.542,0 1.682,8
.35 37879  .9187,7 .94128 .97608 1.778,0 1.509,4 1.633,6
.36 38035  .9143.3  .9380,3 97473 1.735,8 1.478,9 1.587,1
37 39988  .9097.9  .9347,0 97335 1.696,1 1.450,3 1.543,1
.38 41039 90516  .9312,9 97193 1.658,7 1.423,6 1.501,4
.39 42087 90044  .9278,2 .97048 1.623,4 1.398,5 1.461.8
40 43133  .8956,2 .92428 .96899 1.590,1 1.374,9 1.4241
41 44177  .8907,1  .9206,6 .96747 1.558,7 1.352,7 1.388,3
42 45218  .8857,2  .9169,7 .96592 1.528,9 1.331,8 1.354,2
A3 46256  .8806,6  .9132,2 96434 1.500,7 1.312,2 1.321,6
A4 47292 87550  .9094,0 96272 1.474,0 1.293,7 1.290,5

Notes: (1) For values of M from 0 to 5.00, all digits to the left of the comma are valid for linear interpolation. Where
no comma is indicated in this region, all digits are valid for linear interpolation.

(2) The notation .04429 signifies .000429. The notation 5370 signifies 5,370.000.
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A p

M M* plpg Pl T/T, AlA¥* F/F* A* ‘Do
.95 95781 .55946 .66044 .84710 1.0021,4 1.0009,3 .5606,6
.96 96633 .55317 .65513 .84437 1.0013,6  1.0005,9 .5539,2
97 .97481 .54691 .64982 .84162 1.0007,6  1.0003,3 .5473,2
.98 98325 .54067 64452 .83887 1.0003,3 1.0001,4 .5408,5
.99 99165 .53446 .63923 .83611 1.0000,8  1.0000,3 .5345,0
1.00 1.00000 .52828 63394 .83333 1.0000,0  1.0000,0 .5282.8
1.01 1.00831 52213 .62866 .83055 1.0000,8  1.0000,3 .5221.8
1.02 1.01658 .51602 .62339 .82776 1.0003,3 1.0001,3 .5161,9
1.03 1.02481 .50994 61813 .82496 1.0007,4 1.0003,0 .5103,1
1.04 1.03300 .50389 .61288 .82215 1.0013,0  1.0005,3 50454
1.05 1.04114 49787 60765 .81933 1.0020,2  1.0008,2 .4988.8
1.06 1.04924 49189 .60243 .81651 1.0029,0  1.0011,6 .4933,2
1.07 1.05730 48595 59722 .81368 1.00394 1.0015,5 .4878,7
1.08 1.06532 .48005 .59203 .81084 1.0051,2 1.0020,0 .4825,1
1.09 1.07330 47418 .58685 .80800 1.0064,5 1.0025,0 47724
1.10 1.08124 .46835 .58169 .80515 1.0079,3  1.00305 .4720,6
131 1.08914 46256 .57655 .80230 1.0095,5 1.00365 .4669,8
1.12 1.09699 45682 .57143 .79944 1.0113,1  1.00429 .4619,9
1,18 1.10480 45112 .56632 79657 1.0132,2  1.00497 .4570,8
1.14 1.11256 44545 .56123 .79370 1.0152,7 1.00569 4522 5
1.15 1.1203 .43983 .55616 .79083 1.0174,6  1.00646 .4475,1
1.16 1.1280 43425 .55112 .78795 1.0197,8 1.00726 4428 4
1.17 1.1356 42872 .54609 78507 1.02224  1.00810 .4382,5
1.18 1.1432 42323 .54108 .78218 1.02484  1.00897 4337 4
1.19 1.1508 41778 .53610 77929 1.0275,7 1.00988 .4293,0
1.20 1.1583 41238 .53114 77640 1.0304,4 1.01082 .4249.3
1.21 1.1658 .4070,2 .52620 77350 1.0334,4 1.01178 .4206,3
1.22 1.1732 4017,1 .52129 77061 1.0365,7 1.01278 4164,0
1.23 1.1806 .3964,5 .51640 76771 1.0398,3 1.01381 41224
1.24 1.1879 .3912,3 51154 .76481 1.0432,3 1.01486 40814
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Isentropic Flow (Continued)

Perfect Gas, k= 1.4

M M* plpg Pl po TIT, A/A* F/F* ii*? } };';0
195 16099 .13813 24317 56802  1.6193 1.1155 22367
196 16146  .13600 24049 56551  1.6326 1.1170 22204
197 16193 .13390  .23784 56301  1.6461 1.1184 22042
198 16239 .13184 23522  .56051  1.6597 1.1198 21882
199 16285 .12081  .23262  .55803  1.6735 1.1213 21724
200 16330 .12780  .23005 55556  1.6875 1.1227 21667
201 16375 12583 22751 55310 17017 1.1241 21412

© 202 16420 .12389 22499 55064 17160  1.1255 21259
2.03 16465 12198 22250 54819 17305  1.1269 21107
204 16509 .12009 .22004  .54576  1.7452 1.1283 20957
205 16553 .11823 21760 54333 17600  1.1297 20808
206 16597 .11640 21519 54091 17750 1.1311 20661
207 16640 11460 21281 53850 17902 11325 20515
208  1.6683 .11282 21045 53611  1.8056 11339 20371
209 16726 .11107 20811 53373 18212 11352 20228
210  1.6769 .10935 20580 53135  1.8369 11366 20087
211 16811 .10766  .20352 52898  1.8529 1.1380 19947
212 16853 10599  .20126 52663  1.8690 11393 19809
213 16895 .10434  .19902 52428  1.8853  1.1407 19672
214 16936 .10272  .19681 52194  1.9018 1.1420 19537
2.15 16977 .10113  .19463 51962  1.9185 1.1434 19403
216 17018  .09956  .19247 51730  1.9354 1.1447 19270
217 17059 .09802  .19033 51499  1.9525 1.1460 19138
218 17099  .09650  .18821  .51269  1.9698  1.1474 .19008
219 17139 09500 .18612  .51041  1.9873 1.1487 18879
220 17179 09352  .18405  .50813 20050  1.1500 18751
221 17219 09207 .18200  .50586  2.0229  1.1513 18624
222 17258 09064 17998 50361 20409  1.1526 18499
223 17297 08923 17798 50136 20592  1.1539 18375
2.24 17336 08784 17600 49912 20777 11552 18252
225 17374 08648 17404 49689 20964 11565 18130
2.26 17412 08514  .17211 49468 21154 11578 18009
227 17450  .08382  .17020 49247 21345  1.1590 17890
2.28 17488 08252  .16830  .49027 21538 11603 17772
2.29 17526 08123  .16643  .48809  2.1734 1.1616 17655
230 17563 07997  .16458 48591  2.1981 1.1629 17539
231 17600 .07873  .16275 48374  2.2131 1.1641 17424
232 17637 07751  .16095 _ .48158 22333 11653 17310
233 17673 .07631  .15916  .47944 22537  1.1666 17197
234 17709 07513 15739 47730  2.2744 1.1678 17085
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Isentropic Flow (Continued)

Perfect Gas, k=1.4

M M* plog - olhy TIT, A/A* FiFe A .%
235 17745 .07396  .15564 47517  2.2953  1.1690 16975
236 17781  .07281  .15391 47305  2.3164  1.1703 16866
237 17817 07168  .15220 47095  2.3377 11715 16757
238  1.7852 07057  .15052 46885  2.3593  1.1727 16649
239 17887 06948  .14885 46676 23811  1.1739 16543
240 17922 06840  .14720 46468 24031  1.1751 16437
241 17957 06734  .14557 46262 24254  1.1763 16332
242 17991  .06630  .14395 46056 24479 11775 16229
243 18025 .06527 .14235 45851 24706  1.1786 16126
244 18059 .06426  .14078 45647 24936 11798 16024
245  1.8093  .06327 .13922 45444 25168  1.1810 15923
246 18126  .06229 13768 45242 25403 11821 15823
247 18159 06133  .13616 45041 25640  1.1833 15724
248 18192 06038  .13465  .44841 25880  1.1844 15626
249 18225 05945 .13316  .44642 26122  1.1856 15528
250 18258 .05853  .13169  .44444  2.6367  1.1867 15432
251 18290 .05763  .13023 44247 26615 11879 15337
252  1.8322 05674 .12879 44051 26865  1.1890 15242
253 18354 .05586  .12737 43856 27117 11901 15148
254 18386 05500 .12597 43662 27372 11912 15055
255 18417 05415 .12458 43469 27630  1.1923 14963
256 18448  .05332  .12321 43277 27891  1.1934 14871
257 18479 05250 .12185 43085  2.8154 11945 14780
258 18510 .05169  .12051 42894  2.8420  1.1956 14691
259 18541  .05090 11418 42705  2.8689 11967 14601
260 18572 .05012 11787 42517  2.8960 11978 14513
261 18602 04935 11658 42330 29234  1.1989 14426
262 18632 04859  .11530 42143 29511  1.2000 14339
263  1.8662 .04784  .11403 41957 29791 12011 14253
264 18692 04711 11278 41772  3.0074  1.2021 14168
265 18721  .04639  .11154 41589  3.0359  1.2031 14083
2.66 18750  .04568  .11032 41406  3.0647  1.2042 13999
267 18779 .04498  .10911 41224  3.0938  1.2052 13916
268 18808 .04429 10792  .41043  3.1233  1.2062 13834
269 18837  .04361 .10674  .40863  3.1530 12073 13752
2.70 18865  .04205 10557  .40684  3.1830  1.2083 13671
2.71  1.8894  .04230  .10442 40505 32133  1.2093 13591
272 18922 04166  .10328 40327  3.2440  1.2103 13511
273 1.8950  .04102  .10215 40151  3.2749 12113 13432
274  1.8978  .04039  .10104  .39976  3.3061  1.2123 13354
275 19005 .03977  .09994  .39801  3.3376  1.2133 13276
276 19032  .03917  .09885  .39627  3.3695 12143 13199
2.77 19060 .03858  .09777  .39454  3.4017 12153 13123
278 19087  .03800 .09671 39282  3.4342 12163 13047
2.79 19114 03742 09566  .39111  3.4670  1.2173 12972
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Question 4(a)

Table : Normal Shock
Perfect Gas, k=14

Vi ! Vy A AT
Mx My Py / Dy and Ty / Tx and pO}’ / Px
: Py / Px Poy ! Poy
2.35 52861 6.2762 3.1490 1.9931 .56148 7.5920
2.36 52749 6.3312 3.1617 2.0025 55717 7.6524
2.37 52638 6.3864 3.1743 2.0119 .55288 7.7131
2.38 52528 6.4418 3.1869 2.0213 .54862 7.7741
2.39 52419 6.4974 3.1994 2.0308 54438 7.8354
2.40 52312 6.5533 3.2119 2.0403 .54015 7.8969
2.41 .52206 6.6094 3.2243 2.0499 53594 7.9587
2.42 .52100 6.6658 3.2366 2.0595 53175 8.0207
2.43 .51996 6.7224 3.2489 2.0691 52758 8.0830
2.44 .51894 6.7792 3.2611 2.0788 52344 8.1455
2.45 51792 6.8362 3.2733 2.0885 51932 8.2083
2.46 51691 6.8935 3.2854 2.0982 51521 8.2714
2.47 51592 6.9510 3.2975 2.1080 51112 8.3347
2.48 .51493 7.0088 3.3095 2.1178 .50706 8.3983
2.49 .51395 7.0668 3.3214 2.1276 .50303 8.4622
2.50 51299 7.1250 3.3333 2.1375 49902 8.5262
2.51 51204 7.1834 3.3451 2.1474 49502 8.5904
2.52 51109 7.2421 3.3569 2.1574 .49104 8.6549
2.53 .51015 7.3010 3.3686 2.1674 48709 8.7198
2.64 .50923 7.3602 3.3802 2.1774 48317 8.7850
2.55 .50831 7.4196 3.3918 2.1875 AT7927 8.8505
2.56 50740 7.4792 3.4034 2.1976 47540 8.9162
2.67 50651 7.56391 3.4149 2.2077 47155 8.9821
2.58 50562 7.5992 3.4263 2.2179 46772 9.0482
2.59 50474 7.6595 3.4376 2.2281 46391 9.1146
2.60 .50387 7.7200 3.4489 2.2383 46012 9.1813
2.61 .50301 7.7808 3.4602 2.2486 45636 9.2481
2.62 .50216 7.8418 3.4714 2.2589 45262 9.3154
2.63 50132 7.9030 3.4825 2.2693 44891 9.3829
2.64 50048 7.9645 3.4936 2.2797 44522 9.4507
2.65 49965 8.0262 3.5047 2.2901 44155 9.5187
2.66 49883 8.0882 3.6157 2.3006 43791 . 9.5869
2.67 49802 8.1504 3.5266 2.3111 43429 9.6553
2.68 49722 8.2128 3.5374 2.3217 43070 9.7241
2.69 49642 8.2754 3.5482 2.3323 42713 9.7932
2.70 49563 8.3383 3.5590 2.3429 42359 9.8625
2.1 .49485 8.4014 3.5697 2.3536 42007 9.9320
2.72 49408 8.4648 3.5803 2.3643 41657 10.0017
2.73 49332 8.5284 3.5909 2.3750 41310 10.0718
2.74 49256 8.5922 3.6014 2.3858 .40965 10.1421
2.75 49181 8.6562 3.6119 2.3966 40622 10.212
2.76 49107 8.7205 3.6224 2.4074 40282 10.283
2.77 49033 8.7850 3.6328 2.4183 .39945 10.354
2.78 48960 8.8497 3.6431 2.4292 39610 10.426
2.79 48888 8.9147 3.6533 2.4402 .39276 10.498
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Question 4(b)

Table : Properties of air at atmospheric pressure

The values of 4, &, <, and Pr are not strongly pressure-dependent
and may be used over a fairly wide range of pressures
T, K P g ) px 105 | vx 108 k g ax 10* Pr
kg/m kd/kg .°C | kg/m.s | mZ/s W/m . °C mZ/s
100 | 3.6010 1.0266 0.6924 1.923 0.009246 0.02501 | 0.770
150 | 2.3675 1.0099 1.0283 4.343 0.013735 0.06745 | 0.753
200 | 1.7684 1.0061 1.3289 7.490 0.01809 0.10165 | 0.739
250 | 1.4128 1.0053 1.6990 | 11.31 0.02227 0.15675 | 0.722
300 | 1.1774 1.0057 1.8462 | 15.69 0.02624 0.22160 | 0.708
350 [ 0.9980 1.0090 2.075 20.76 0.03003 0.2983 0.697
400 | 0.8826 1.0140 2.286 25.90 0.03365 0.3760 0.689
450 | 0.7833 1.0207 2.484 31.71 0.03707 0.4222 0.683
500 | 0.7048 1.0295 2.671 37.90 0.04038 0.5564 0.680
550 | 0.6423 1.0392 2.848 44.34 0.04360 0.6532 0.680
600 | 0.5879 1.0551 3.018 51.34 0.04659 0.7512 0.680
650 | 0.5430 1.0635 3.177 58.51 0.04953 0.8578 0.682
700 | 0.5030 1.0752 3.332 66.25 0.05230 0.9672 0.684
750 | 0.4709 1.0856 3.481 73.91 0.05509 1.0774 0.686
800 | 0.4405 1.0978 3.625 82.29 0.05779 1.1951 0.689
850 | 0.4149 1.1095 3.765 90.75 0.06028 1.3097 0.692
900 | 0.3925 1.1212 3.899 99.3 0.06279 1.4271 0.696
950 | 0.3716 1.1321 4023 |108.2 0.06525 1.5510 0.699
1000 | 0.3524 1.1417 4.152 | 117.8 0.06752 1.6779 0.702
1100 | 0.3204 1.160 4.44 138.6 0.0732 1.969 0.704
1200 | 0.2947 | 1.179 4.69 159.1 0.0782 2.251 0.707
1300 | 0.2707 | 1.197 4.93 182.1 0.0837 2.5683 0.705
1400 | 0.2515 1.214 6.17 205.5 0.0891 2.920 0.705
1500 | 0.2355 1.230 5.40 229.1 0.0946 3.262 0.705
1600 | 0.2211 1.248 5.63 254.5 0.100 3.609 0.705
1700 | 0.2082 1.267 5.85 280.5 0.105 3.977 0.705
1800 | 0.1970 1.287 6.07 308.1 0.111 4.379 0.704
1900 | 0.1858 1.309 6.29 338.5 0.117 4.811 0.704
2000 | 0.1762 1.338 6.50 369.0 0.124 5.260 0.702
2100 | 0.1682 1.372 6.72 399.6 0.131 5.715 0.700
2200 | 0.1602 1.419 6.93 432.6 0.139 6.120 0.707
2300 | 0.1538 1.482 7.14 464.0 0.149 6.540 0.710
2400 | 0.1458 1.574 7.35 504.0 0.161 7.020 0.718
2500 | 0.1394 1.688 7.57 543.5 0.175 7.441 0.730
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PHKM-B-MCH

Question 5(c) and 6(b)

Table : Saturated R-134a

Specific Volume, malkg
Temp. Press. Sat. Liquid Evap. Sat. Vapor

C) (kPa) vf Vig Vg
-70 8.3 0.000675 1.97207 1.97274
- 65 11.7 0.000679 1.42915 1.42983
- 60 16.3 0.000684 1.05199 1.05268
—-55 22.2 0.000689 0.78609 0.78678
- 50 29.9 0.000695 0.59587 0.59657
-45 39.6 0.000701 0.45783 0.45853
- 40 51.8 0.000708 0.35625 0.35696
-35 66.8 0.000715 0.28051 0.28122
- 30 85.1 0.000722 0.22330 0.22402
- 26.3 101.3 0.000728 0.18947 0.19020
-25 107.2 0.000730 0.17957 0.18030
-20 133.7 0.000738 0.14576 0.14649
-15 165.0 0.000746 0.11932 0.12007
-10 201.7 0.000755 0.09845 0.09921
-5 244.5 0.000764 0.08181 0.08257
0 294.0 0.000773 0.06842 0.06919
5 350.9 0.000783 0.05755 0.05833
10 415.8 0.000794 0.04866 0.04945
15 489.5 0.000805 0.04133 0.04213
20 572.8 0.000817 0.03524 0.03606
25 666.3 0.000829 0.03015 0.03098
30 771.0 0.000843 0.02587 0.02671
35 887.6 0.000857 0.02224 0.02310
40 1017.0 0.000873 0.01915 0.02002
45 1160.2 0.000890 0.01650 0.01739
50 1318.1 0.000908 0.01422 0.01512
55 1491.6 0.000928 . 0.01224 0.01316
60 1681.8 0.000951 0.01051 0.01146
65 1889.9 0.000976 0.00899 0.00997
70 2117.0 0.001005 0.00765 0.00866
75 2364.4 0.001038 0.00645 0.00749
80 2633.6 0.001078 0.00537 0.00645
85 2926.2 0.001128 0.00437 0.00550
90 3244.5 0.001195 0.00341 0.00461
95 3591.5 0.001297 0.00243 0.00373
100 3973.2 0.001557 0.00108 0.00264
101.2 4064.0 0.001969 0 0.00197
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Table : Saturated R-134a (Continued)

Enthalpy, kJ/kg Entropy, kJ/k-K
Temp. Press. Sat.Liquid Evap. Sat.Vapor Sat.Liquid Evap. Sat. Vapor

(°C) (kPa) hf h fe h g sf Sfg sg
- 70 8.3 119.47 235.15 354.62 0.6645 1.1575 1.8220
- 65 11.7 123.18 234.55 357.73 0.6825 1.1268 1.8094
- 60 16.3 127.53 233.33 360.86 0.7031 1.0947 1.7978
- 55 22.2 132.37 231.63 364.00 0.7256 1.0618 1.7874
-50 299 137.62 229.54 367.16 0.7493 1.0286 1.7780
- 45 39.6 143.18 227.14 370.32 0.7740 0.9956 1.7695
-40 51.8 148.98 224.50 373.48 0.7991 0.9629 1.7620
-35 66.8 154.98 221.67 376.64 0.8245 0.9308 1.7553
- 30 85.1 161.12 218.68 379.80 0.8499 0.8994 1.7493
-26.3 1013 165.80 216.36 382.16 0.8690 0.8763 1.7453
-25 107.2 167.38 215.57 382.95 0.8754 0.8687 1.7441
-20 133.7 173.74 212.34 386.08 0.9007 0.8388 1.7395
-15 165.0 180.19 209.00 389.20 0.9258 0.8096 1.7354
-10 201.7 186.72 205.56 392.28 0.9507 0.7812 1.7319
-5 2445 193.32 202.02 395.34 0.9755 0.7534 1.7288
0 294.0 200.00  198.36 398.36 1.0000 0.7262 1.7262
5 350.9 206.75 194.57 401.32 1.0243 0.6995 1.7239
10 415.8 213.58 190.65 404.23 1.0485 0.6733 1.7218
15 489.5 220.49 186.58 407.07 1.0725 0.6475 1.7200
20 572.8 227.49 182.35 409.84 1.0963 0.6220 1.7183
25 666.3 234.59 177.92 412.51 1.1201 0.5967 1.7168
30 771.0 241.79 173.29 415.08 1.1437 0.5716 1.7153
35 887.6 249.10 168.42 417.52 1.1673 0.5465 1.7139
40 1017.0 256.54 163.28 419.82 1.1909 0.5214 1.7123
45 1160.2 264.11 157.85 421.96 1.2145 0.4962 1.7106
50 1318.1 271.83 152.08 423.91 1.2381 0.4706 1.7088
55 1491.6 279.72 145.93 425.65 1.2619 0.4447 1.7066
60 1681.8 287.79 139.33 427.13 1.2857 0.4182 1.7040
65 1889.9 296.00 132.21 428.30 1.3099 0.3910 1.7008
70 2117.0 304.64 124.47 429.11 1.3343 0.3627 1.6970
76 2364.4 313.51 115.94 429.45 1.3592 0.3330 1.6923
80 2633.6 322.79 106.40 429.19 1.3849 0.3013 1.6862
85 2926.2 332.65 95.45 428.10 1.4117 0.2665 1.6782
90 32445 343.38 82.31 425.70 1.4404 0.2267 1.6671
95 3591.5 355.83 64.98 420.81 1.4733 0.1765 1.6498
100 3973.2 374.74 3247 407.21 1.5228 0.0870 1.6098
101.2 4064.0 390.98 0 390.98 1.5658 0 1.5658
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Question 7(a)
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Question 7(b) and 8(a)

Steam Tables (Pressure)
Saturated Water Pressure Entry
Specific Volume, mslkg
Press. Temp. Sat. Liquid Evap. Sat. Vapor
(kPa) (&) ve Vig Ve
0.6113 0.01 0.001000 206.131 206.132
1 6.98 0.001000 129.20702 129.20802
1.5 13.03 0.001001 87.97913 87.98013
2 17.50 0.001001 67.00285 67.00385
2.5 21.08 0.001002 54.25285 54.25385
3 24.08 0.001003 45.66402 45.66502
4 28.96 0.001004 34.79915 34.80015
5 32.88 0.001005 28.19150 28.19251
7.5 40.29 0.001008 19.23674 19.23775
10 45.81 0.001010 14.67254 14.673565
15 53.97 0.001014 10.02117 10.02218
20 60.06 0.001017 7.64835 7.64937
25 64.97 0.001020 6.20322 6.20424
30 69.10 0.001022 5.22816 5.22918
40 75.87 0.001026 3.99243 3.99345
50 81.33 0.001030 3.23931 3.24034
75 91.77 0.001037 2.21607 2.21711
100 99.62 0.001043 1.69296 1.69400
125 105.99 0.001048 1.37385 1.37490
150 111.37 0.001053 1.15828 1.15933
175 116.06 0.001057 1.00257 1.00363
200 120.23 0.001061 0.88467 0.88573
225 124.00 0.001064 0.79219 0.79325
250 127.43 0.001067 0.71765 0.71871
275 130.60 0.001070 0.65624 0.65731
300 133.55 0.001073 0.60475 0.60582
325 136.30 0.001076 0.56093 0.56201
350 138.88 0.001079 0.52317 0.52425
3756 141.32 0.001081 0.49029 0.49137
400 143.63 0.001084 0.46138 0.46246
450 147.93 0.001088 0.41289 0.41398
500 151.86 0.001093 0.37380 0.37489
550 155.48 0.001097 0.34159 0.34268
600 158.85 0.001101 0.31457 0.31567
650 162.01 0.001104 0.29158 0.29268
700 164.97 0.001108 0.27176 0.27286
750 167.77 0.001111 0.25449 0.25560
800 170.43 0.001115 0.23931 0.24043
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Steam Tables (Pressure) (Continued)

Saturated Water Pressure Entry
Enthalpy, kJ/kg Entropy, kdJ/kg-K

Press. Temp. Sat.Liquid Evap. Sat.Vapor Sat.Liquid Evap. Sat.Vapor

&Pa)  (°O) bt hie hg i Sfg Sg
0.6113 0.01 0.00 2501.3 2501.3 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 54.70 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 88.47 2451.56 2540.03 0.3120 8.3311 8.6431
3.0 24.08 101.03 2444 .47 2545.50 0.3545 8.2231 8.5775
4.0 28.96 121.44 2432.93 255437 0.4226 8.0520 8.4746
5.0 32.88 137.79 2423.66 2561.45 0.4763 7.9187 8.3950
7.5 40.29 168.77 2406.02 2574.79 0.5763 7.6751 8.2514
10 45.81 191.81 2392.82 2584.63 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 2358.33 2609.70 0.8319 7.0766 7.9085
25 64.97 271.90 2346.29 2618.19 0.8930 6.9383 7.8313
30 69.10 289.21 2336.07 2625.28 0.9439 6.8247 7.7686

40 75.87 317.55 2319.19 2636.74 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 6.2434 7.4563

100 99.62 417.44 2258.02 2675.46 1.3025 6.0568 7.3593

125 105.99 444,30 2241.05 2685.35 1.3739 5.9104 7.2843

150 111.37 467.08 2226.46 2693.54 1.4335 5.7897 7.2232

175 116.06 486.97 2213.57 2700.53 1.4848 5.6868 7.1717

200 120.23 504.68 2201.96 2706.63 1.5300 5.5970 7.1271

225 124.00 520.69 2191.35 2712.04 1.5705 5.5173 7.0878

250 127.43 535.34 2181.55 2716.89 1.6072 5.4455 7.0526

275 130.60 548.87 2172.42 2721.29 1.6407 5.3801 7.0208

300 133.55 561.45 2163.85 2725.30 1.6717 5.3201 6.9918

325 136.30 573.23 2155.76 2728.99 1.7005 5.2646 6.9651

350 138.88 584.31 2148.10 2732.40 1.7274 5.2130 6.9404

375 141.32 594.79 2140.79 2735.58 1.7527 5.1647 6.9174

400 143.63 604.73 2133.81 2738.53 1.7766 5.1193 6.8958

450 147.93 623.24 2120.67 2743.91 1.8206 5.0359 6.8565

500 151.86 640.21 2108.47 2748.67 1.8606 4.9606 6.8212

550 155.48 655.91 2097.04 2752.94 1.8972 4.8920 6.7892

600 158.85 670.54 2086.26 2756.80 1.9311 4.8289 6.7600

650 162.01 684.26 2076.04 2760.30 1.9627 4.7704 6.7330

700 164.97 697.20 2066.30 2763.50 1.9922 4.7158 6.7080

750 167.77 709.45 2056.98 2766.43 2.0199 4.6647 6.6846

800 170.43 721.10 2048.04 2769.13 2.0461 4.6166 6.6627
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Question 7(b) and 8(a)

Steam Tables (Temperature)

Saturated water
Specific Volume, msfkg
Temp. Press. Sat. Liquid Evap. Sat. Vapor
(°C) (kPa) vr Vig Vg
0.01 0.6113 0.001000 206.131 206.132
5 0.8721 0.001000 147.117 147.118
10 1.2276 0.001000 106.376 106.377
15 1.705 0.001001 77.924 77.925
20 2.339 0.001002 57.7887 57.7897
25 3.169 0.001003 43.3583 43.3593
30 4.246 0.001004 32.8922 32.8932
35 5.628 0.001006 25.2148 25.2158
40 7.384 0.001008 19.5219 19.5229
45 9.593 0.001010 15.2571 15.25681
50 12.350 0.001012 12.0308 12.0318
6556 15.758 0.001015 9.56734 9.56835
60 19.941 0.001017 7.66969 7.67071
65 25.03 0.001020 6.19554 6.19656
70 31.19 0.001023 5.04114 5.04217
75 38.58 0.001026 4,13021 4.13123
80 47.39 0.001029 3.40612 3.40715
85 57.83 0.001032 2.82654 2.82757
90 70.14 0.001036 2.359563 2.36056
95 84.55 0.001040 1.98082 1.98186
100 101.3 0.001044 1.67185 1.67290
105 120.8 0.001047 1.41831 1.41936
110 143.3 0.001052 1.20909 1.21014
115 169.1 0.001056 1.03562 1.03668
120 198.5 0.001060 0.89080 0.89186
125 232.1 0.001065 0.76953 0.77059
130 270.1 0.001070 0.66744 0.66850
135 313.0 0.001075 0.58110 0.58217
140 361.3 0.001080 0.50777 0.50885
145 4154 0.001085 0.44524 0.44632
150 475.9 0.001090 0.39169 0.39278
155 543.1 0.001096 0.34566 0.34676
160 617.8 0.001102 0.30596 0.30706
165 700.5 0.001108 0.27158 0.27269
170 7917 0.001114 0.24171 0.24283
1756 892.0 0.001121 0.21568 0.21680
180 1002.2 0.001127 0.19292 0.19405
185 1122.7 0.001134 0.17295 0.17409
190 1254.4 0.001141 0.15539 0.15654
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Steam Tables (Temperature) (Continued)

Saturated Water
Enthalpy, kJ/kg Entropy, kdJ/kg-K
Temp. Press. Sat.Liquid Evap. Sat.Vapor Sat.Liquid Evap. Sat.Vapor

(°C)  (kPa) he by hg 8f Stg Sg
0.01 0.6113 0.00 2501.35 2501.35 0 9.1562 9.1562
b 0.8721 20.98 2489.57 2510.54 0.0761 8.9496 9.0257
10 1.2276 41.99 2477.75 2519.74 0.1510 8.7498 8.9007
15 1.705 62.98 2465.93 2528.91 0.2245 8.5569 8.7813
20 2.339 83.94 2454.12 2538.06 0.2966 8.3706 8.6671
25 3.169 104.87 2442.30 2547.17 0.3673 8.1905 8.5579
30 4.246 125.77 2430.48 2556.25 0.4369 8.0164 8.4533
35 5.628 146.66 2418.62 2565.28 0.5052 7.8478 8.3530
40 7.384 167.54 2406.72 2574.26 0.5724 7.6845 8.2569
45 9.593 188.42 2394.77 2583.19 0.6386 7.5261 8.1647
50 12.350 209.31 2382.75 2592.06 0.7037 7.3725 8.0762
55 15.758 230.20 2370.66 2600.86 0.7679 7.2234 7.9912
60 19.941 251.11 2358.48 2609.59 0.8311 7.0784 7.9095
65 25.03 272.03 2346.21 2618.24 0.8934 6.9375 7.8309
70 31.19 292.96 2333.85 2626.80 0.9548 6.8004 7.7552
75 38.58 313.91 2321.37 2635.28 1.0154 6.6670 7.6824
80 47.39 334.88 2308.77 2643.66 1.0752 6.5369 7.6121
85 57.83 355.88 2296.05 2651.93 1.1342 6.4102 7.5444
90 70.14 376.90 2283.19 2660.09 1.1924 6.2866 7.4790
95 84.55 397.94 2270.19 2668.13 1.2500 6.1659 7.4158
100 101.3 419.02 2257.03 2676.05 1.3068 6.0480 7.3548
105 1208 440.13 2243.70 2683.83 1.3629 5.9328 7.2958
110 143.3 461.27 2230.20 2691.47 1.4184 5.8202 7.2386
115 169.1 482.46 2216.50 2698.96 1.4733 5.7100 7.1832
120 198.5 503.69 2202.61 2706.30 1.5275 5.6020 7.1295
125 232.1 524.96, 2188.50 2713.46 1.5812 5.4962 7.0774
130  270.1 546.29 2174.16 2720.46 1.6343 5.3925 7.0269
135 3180 567.67 2159.59 2727.26 1.6869 5.2907 6.9777
140 361.3 589.11 2144.75 2733.87 1.7390 5.1908 6.9298
145 4154 610.61 2129.65 2740.26 1.7906 5.0926 6.8832
150 475.9 632.18 2114.26 2746.44 1.8417 4.9960 6.8378
1556 543.1 653.82 2098.56 2752.39 1.8924 4.9010 6.7934
160 617.8 675.53 2082.55 2758.09 1.9426 4.8075 6.7501
165  700.5 697.32 2066.20 2763.53 1.9924 4.7153 6.7078
170 1917 719.20 2049.50 2768.70 2.0418 4.6244 6.6663
176  892.0 741.16 2032.42 2773.58 2.0909 4.5347 6.6256
180 1002.2 763.21 2014.96 2778.16 2.1395 4.4461 6.5857
185 1122.7 785.36 1997.07 2782.43 2.1878 4.3586 6.5464
190 12544 807.61 1978.76 2786.37 2.2358 4.2720 6.5078
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