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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.

@Uus—A / SECTION—A

(@ T 1(a) # <o MW fem w Ak Hifd| A w5 o9 F 28 iR F THE I F

(b)

i w9 (C, =1-005kJ/kg-K @M C,=0-717 kJ/kg-K) T TEgH
(Cp =14-32kJ/kg-K 1 C, =10-17 kJ/kg-K) &1 A a1 Th =g foeeq, s %
T IEH ¢, F FN I Y T ) I A e § 140 kPa a9 40 °C R §| g
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Consider the system shown in Fig. 1(a). The two chambers initially have
equal volumes of 28 litres and contain air (C, =1-005kJ/kg-K and
C, =0-717 kJ/kg-K) and hydrogen (Cp =14-32kJ/kg-K and
C, =10-17 kJ/kg-K), respectively. The chambers are separated by a friction-
less piston which is non-heat-conducting. Both the gases are initially at
140 kPa and 40 °C. Heat is added to the air side until the pressure of both the
gases reaches 280 kPa. All outside walls of the chambers are insulated except
for the surface where heat is added to air. Calculate the final temperature of
the air.
Insulation
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Non-heat-conducting
piston

Fig. 1(a)

T AR -39 Aied § Ty ya’ @ B 27 & AEH-Auerl a3 arfea | ®
e A W T U F 9N R ARG H FEEdr § T |
What is ‘choked flow’ in a convergent-divergent nozzle? Explain, with diagram,

the effect of pressure ratio on exit velocity of compressible gas in a convergent-
divergent nozzle.
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(c) TF e yare wnfieh, feh s=rim aun fim Fm F: 40° a1 15° §, 1 50% widfwn
¥ o) srfirpfoua frm o 3| wrdfies® 1 < S 6 : 1 R AU HWH WHC 38 0-80 B,
wath ety Wi auEE 41 °C ¥ Wk (soe) e a1 e I TR 'uE 71 Al
ft vdi % R Fa FH ek 0-88 A, A Ferh T F AW 210 m/s TG g FiiSd &1 A
G g FIRA | 9 F @ €, =1-005 kJ/kg-K @1 y = 1- 4 S|
An axial flow compressor with inlet and outlet angles of 40° and 15°
respectively has been designed for 50% reaction. The compressor has a
pressure ratio of 6 : 1 and overall isentropic efficiency of 0-80, when inlet static
temperature is 41 °C. The blade speed and axial velocity are constant
throughout. Assuming a value of 210 m/s for blade speed, find the number

of stages required if the work done factor is 0-88 for all the stages. Take
Cp =1-005 kJ/kg-K and y=1-4 for air. 10

(d) 52 W/m-°C ® =it <Teihdl et godl i § 93 T 9159 § T 51 145 m/s % 3@ 9
Y yafed B W R U F IR a9l 9T AW FW: 3 cm @91 3-5 cm €1 15 °C A9HH
IS TR ¥ 15 m o TR @ 9159 AT B IR F TR ¥ T ¥ A H q9HA 70 °C
A T2 67 °C @ A1 3| WEY 1 SATARH Tag W FHI S0l o7k 400 W/m2-°C | argd
%) 971 HdE T GY Faed a1 Tl Fe Siew o i uiia HifE)

Hot water is flowing through a pipe made of cast iron having thermal
conductivity of 52 W/m-°C, with an average velocity of 1'5 m/s. The inner and
outer diameters of the pipe are 3 cm and 3'5 cm, respectively. The pipe passes
through a 15 m long section of a basement whose temperature is 15 °C. The
temperature of the water drops from 70 °C to 67 °C as it passes through the
basement. The heat transfer coefficient on the inner surface of the pipe is
400 W/ m2-°C. Determine the combined convection and radiation heat transfer
coefficient at the outer surface of the pipe. 10

(e) () wt au Wagh FHoew Iwsis wiwdl B wRaa HRRA) 3 g A R TR
Frafea 87

(i) ? wwey Avdt w fmm HfvA, {8 w6 1000 K 7@ g@0 1500 K W #| @Y TR
& ¥ PH-a1 five s fafRo scafia #tar 87 20 pm F a0 | FF-91 v s
fafereor 3cafsfa s 27

(i) Define the total and spectral black body emissive powers. How are they
related to each other? 5

(i) Consider two identical bodies, one at 1000 K and the other at 1500 K.
Which body emits more radiation in the shorter wavelength region? Which
body emits more radiation at a wavelength of 20 pm? 5

2. (a) UM AGHUSEIE g W 20 °C F 10 g 5 I -10 °C H % § F&cl A1 &1 Fd T Hl
R Fom 4-2 J/g-K I fR wMa g aun o i g@ehi el 9 0 °C W 9% F e W
Fo1 335 J/g o g€ e it wrgl ot witada 6 o i)
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(b)

(c)

10 g of water at 20 °C is converted into ice at —~10 °C at constant atmospheric
pressure. Assuming the specific heat of liquid water to remain constant at
42 J/g-K and that of ice to be half of this value and taking the latent heat of
fusion of ice at 0 °C to be 335 J/g, calculate the total entropy change of the
system.

5 cm SATE H1 Tk MW, goal die i o+ TF i § g0 @1 81 9% 4500 r.p.m. T oAl
21 9FfT 15 cm @l 8 cm @ W A1 § 91 3EH S A@Ea 70 W/m-K 21 WR
a1 oI F 9 H 0-6 mm F WA FA B A=W, 0-14 W/m-K i Ffia arersar
A9 0-03 N-s/m? i 7k W1 a1t Fesh It A W g B ) 94fG B 0F 7@ T A’ @
3e1 o ST @ @ Iwhl STEd WaR 40 °C W giida ¢ ¥ Wi § Fww Aem &) Ren
A gAY el TH- AT S SR W g, Fufor AR () thaers H s smmo =,
(ii) TR 6 Fdg I AIHH AT (iii) TEH dd § W &F H R I W H &7

A shaft having diameter of 5 cm rotates in a bearing made of cast iron. The
shaft rotates at 4500 r.p.m. The bearing is 15 cm long, 8 cm outer diameter
and has thermal conductivity of 70 W/m-K. There is a uniform clearance
between the shaft and the bearing of 06 mm. The clearance is filled with a
lubricating oil having thermal conductivity of 0-14 W/m-K and dynamic
viscosity of 0-03 N-s/ m?. The bearing is cooled externally by a liquid, and its
outer surface is maintained at 40 °C. Disregarding the heat conduction
through the shaft and assuming only one-dimensional heat transfer, determine
(i) the rate of heat transfer to the coolant, (ii) the surface temperature of the
shaft and (iii) the mechanical power wasted by the viscous dissipation in the
lubricating oil.

3 IR T@ T T'=600 K W a1 (C, =1-05 kJ/kg-K, y=1-38), Th 20 cm & H
afeft § 180 m/s % 7 ¥ Yafed & W # 1 oM HRR—

(i) ¥ WA’ &;

(i) &Y dYHH;

(iti) B T,

(iv) & T, Y18 i (1) Fefie a (2) sEefied 7 gU

Air (C, =1-05 kJ/kg-K, y=1-38) at 3 bar pressure and T =600 K is flowing
with a velocity of 180 m/s inside a 20 cm diameter duct. Calculate the—

(i) mass flow rate;
(i) stagnation temperature;
(iii) Mach number;

(iv) stagnation pressure assuming flow to be (1) compressible and
(2) incompressible.
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3. (@ () e e s @ o e, I I % Y R YR seed 87
(i) g FRA 5 w6 o @ N @@, W e 9% F o Afmar Fa F- % aegEr,

= weR | grafa @
-1-L
nwmax—l \/Z
el t rftrehan SR =[HqW ATIHHT 1 ST B |

() How do the specific work output and efficiency vary with pressure ratio in
a gas turbine?

(i) Prove that the efficiency of a gas turbine corresponding to the maximum
work done in a Brayton cycle is given by the relation
1

=, =
Nw max N

where t is the ratio of the maximum and minimum temperatures.
20

(b) R fi 3(b) & RE® T vk @R wurEe, R famd 1 m S qon 5 m =l §, A4 W9 S
TR0 QY1 ATES U % 19 3 cm 1 GHH 3HaUd &1 @UEE #, 30 °C WO-15 m3 /s
AT 1 m N2 PR A wfoe At R a0 5 m TR TRER # T SR A W yaIfed Bl
2| gfR oS F 3o o waES iEE F 3iwa q9EE HAN: 20 °C 1 60 °C 7/, @ Fuifa
HRA (i) Tores §, 9g ¥, Fo S 9O X AR (1) FOEF A yAIed € W A H A9EH
Eec{

_______ 30°C, 0-15m3/s
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= 3(b)

1 atm 91 ARG 3G qOHA 35 °C R a1g F Tored i TR ford o wkd €
p=1-145 kg /m3, k =0-02625 W/m-°C, v=1.655x10"> m? /s,
Cp =1007 J/kg-°C, Pr=0-7268

A solar collector, as shown in Fig. 3(b) below, having dimensions as 1 m wide
and 5 m long, has constant spacing of 3 cm between the glass cover and the
collector plate. Air enters the collector at 30 °C and at a rate of 0-15 m3/s
through the 1 m wide edge and flows along the 5 m long passageway. If the
average temperatures of the glass cover and the collector plate are 20 °C and

CRNA-S-MCHE/19 S | P.T.0.
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(@)

60 °C, respectively, determine (i) the net rate of heat transfer to the air in the
collector and (i) the temperature rise of air as it flows through the collector.

K
Air at 30°C,
< 015m3/s

-
.-

-
-
-
-
-

______

-
-
-

—
’ Collector plate at 60°C

Glass cover at 20°C
Insulation

Fig. 3(b)

The properties of air at 1 atm and an estimated average temperature of 35 °C
may be taken as :

p=1.145 kg /m?, k =0-02625 W/m-°C, v=1.655x10">m?/s,
Cp =1007 J/kg-°C, Pr=0-7268

T FR % T ganidt e, Seeh ffmd 0-6 m St 9o 1-8 m =l €, A Sgda ww @
foFa1 ST @ @M T 1 atm, O °C 1 80 km/hr i GHHR gaeil % A ¥ 1 ¥ wfe A
TYq 50 W gt ¢, Siafh garieh 38 i IR wag 1 q9HE 4 °C R 9 I gag ¥ an
el Fe1 SeRor 3R fafsreor < Ren FRA Y qon HAT Fo FRW WG HOTET F A g,
AR I | F F A TR ae o @ # Rt FiR) 1 atm @1 0 °C WaAg ®
Tored e weR @ forld S weRd € ¢

p=1-292 kg /m®, C, =1.006 kJ/kg-K, Pr=0-7362

A windshield of a car, having dimensions as 06 m high and 18 m long, is
electrically heated and is subjected to parallel winds at 1 atm, O °C and
80 km/hr. The electrical power consumption is observed to be 50 W, when the
exposed surface temperature of the windshield is 4 °C. Disregarding the
radiation and heat transfer from the inner surface and using the momentum
heat transfer analogy, determine the drag force the wind exerts on the
windshield. The properties of air at 0 °C and 1 atm may be taken as :

p=1-292 kg /m?, C, =1-006 kJ/kg-K, Pr=0-7362

HEd wah (SAE) T@F I 500 mm AN Th ThHA-SRO @M TWERA H AR
10000 r.p.m. #i 7 & gHaT 3| AT B0 20° } T oA ¥ WG 900 m/s F I H X
Frperdlt | HeTh GHHHINIG § A1 Heldh TYU U 0-85 B Hershl % ford A7 1R@ AR qun
w9 ) yETa-Ted wfaf % ol wewl | waw w1 S AR FIR | 37 oft Ao Al () s
Yat® 750 kg/hr & o i@ wftw, (i) sm@ e, (i) e wong v (iv) Tfas =i A
T % RO B |

A single-stage impulse turbine rotor has a mean blade ring diameter of

500 mm and rotates at a speed of 10000 r.p.m. The nozzle angle is 20° and the
steam leaves the nozzles with a velocity of 900 m/s. The blades are
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equiangular and the blade friction factor is 0-85. Construct velocity diagrams
for the blades and determine the inlet angle of the blades for shockless entry of
steam. Also, determine (i) the diagram power for a steam flow of 750 kg/hr,
(i) the diagram efficiency, (i) the axial thrust and (iv) the loss of kinetic energy
due to friction. 20

(b) () T TR wrdied B FieaEd W viies F Gk (i) H SFH F uwE H, @ FiE
1 G 91 I AT YaTE X G5 6l WEEAl ¥ HHAT |
(i) SHZ) GEfeh! § k¥ 9 LA T B TH |
() Explain the effect of impeller blade shape on the performance of a
centrifugal compressor with the help of an exit velocity diagram and
pressure ratio-mass flow rate curve.
(i) Discuss the phenomena of surging and choking in centrifugal compressors. 20

(c) TF F aun A o fafmie & w g qen SR Al T % w FEE € R A SR
1 59 TUIAH TeEEE 8, S 140 °C W WiE Bl ® 991 80 °C W 4500 kg/hr i T &
R e e ¥ Afrel § yarfta si@, 35 °C W i A W R 9 85 °C W A ek
@ 2| 30 ae ¥ R g ST S o 850 W/m2-°C | Aifdd Siel-JaTe < s a
o ffmte % dawa N o AR iR wrEa f faRe Fen 2-742 J/g-°C 0
Wl i AR o 4-175 J/g-°C ot 51 whdl 81 TWo Ao Jo Frarell & ford frmt s 3w

T forn s gepan B)
FI 59 (mo)s = Cs \;
M
! &= _L.) —
O] : 1
€ — i o
l‘l
AT 58 (mo); = C;
3 H 9™
100 4, 8, 12, AT Aferart 9%
: jﬁ/—'j",
= e
80 O o irie
é‘° y //
/ ) S T
¥ 60 1/// 1 0 P
3 //7 s
|/
/G
40
20
0 1 2 3 4 5

JTAROT Tk 1 T, NTU oy = AU/ Cpin
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S.

A shell and tube heat exchanger operates with two shell passes and four tube
passes. The shell side fluid is ethylene glycol, which enters at 140 °C and
leaves at 80 °C with a flow rate of 4500 kg/hr. Water flows in the tubes,
entering at 35 °C and leaving at 85 °C. The overall heat transfer coefficient for
this arrangement is 850 W/ m?2-°C. Calculate the flow rate of water required
and the area of the heat exchanger. The specific heat of ethylene glycol may be
taken as 2:742 J/g-°C and the specific heat of water may be taken as
4:175 J/g-°C. For NTU relations, the following figure may be used.

Shell fluid (mc)s = Cs \ﬂ
; )9
)
Iu
Tube fluid (mc);= C;
Two shell passes
4, 8, 12, etc., tube passes
100 ooy . -—
BN i ot s
L 00’1. /:/ i
80 = \k (5 ‘ L
N 60 k& ] ‘//// ‘:‘00'/"_, ‘:' e
2 40
8
&=
m
20
0

1 2 3 4 5
Number of transfer units, NTU ¢ = AU/ Cppin

@Uus—B / SECTION—B

(@) N FEHEA 3o Hio I9H | $u9 F T H WY & Febhal 27 < AT BT & A1y A |

(b)

Can alcohols be used as fuel in IC engine? Explain with advantages and
disadvantages.

1 m? R 9 I ¥ R T &R, S 20 MPa a91 360 °C W &, # fam 5(b) F
AR T T g & T T R ) e o e A Afa ® awn @ srew # fafa e mn R

BTl < HRU R ®e S @ qon PR (FiRae) w8 § i SRS 8| & 1 gHa
A 1a FiR fed % sifw 3@ 200 kPa @ aifte 7 1)

[38 T % 3= A @ 5 99 (¥W) anft § 0 gt 6 3w i)
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(c)

(@)

IEE| S(J&M

A water-filled reactor with a volume of 1 m? is at 20 MPa and 360 °C, and is
placed inside a containment room as shown in Fig. 5(b). The room is well-
insulated and initially evacuated. Due to a failure, the reactor ruptures and the
water fills the containment room. Find the minimum room volume so that the
final pressure does not exceed 200 kPa.

[Use steam table data given at the end of the Paper]

/ Containment

Z

Reactor
Fig. 5(b)

T QG a1 T-s ARG F IFNT HA ¢ FHAEd 6 0 3eel el ol T |IuRoT WY
wift g3 () =6 Y qrdiT gea, FE1 QEa F TG A wHd 8

Using a schematic and T-s diagram, explain how with perfect regeneration for
a simple steam power plant (Rankine) cycle, thermal efficiency can approach
Carnot efficiency.

% Iy gfied Wi 9 ¥ e W e aeel @ ved ae awe i fi@em p-h sma i
HeEal & Hifd -
() ==
(i) FSH =
(ifi) @ H1 I9EIH
(iv) T3 1 SfearaA
Discuss the effect of the following parameters on the performance of a vapor
compression refrigeration system with the help of p-h diagram :
(i) Suction pressure
(i) Delivery pressure
(i) Subcooling of liquid
(iv) Superheating of vapors

10

10

10
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(e) TF R H ag 40 m> W e i R W F-w=ia # I § 70 32 °C DBT 33K 18 °C
WBT el arell aedl 91 T aTdigger i ¥fae Foeeh § ufi &t §) goeeh = wwmeh
HAE M 4-5 °C | PUeeh H1 Fqe F1 &l 38 TBR 2 % 78 a1 F vam A & g smen
® @ 12 kW 1 ¥fiqem wem #0f) Free § ST I ATt 9 ® DBT @ WBT iR
FUSEl % ATFIE Uik 1 Feior Hifv

(38 T & 371 & | w1 o mn g

The room air is recirculated at the rate of 40 m?3 per minute and the outdoor
air enters a cooling coil of an air conditioner at 32 °C DBT and 18 °C WBT. The
effective surface temperature of the coil is 4:5 °C. The surface area of the coil is
such as would give 12 kW of refrigeration with the given entering conditions of
air. Determine the DBT and WBT of the air leaving the coil and the coil bypass
factor.

[Psychrometric chart is given at the end of this Paper] 10

6. (a) T =r-Riforex <@ M, o waffa s 0-98 o 2, %1 Fsares w3 = e fe
T §1 2500 r.p.m. AN ¥ e 1A S 0-3 m I F 3F ¥ ARG 6-8 /g H
$99 @I0 ® W 190 N 1 % R Ieqed a1 21 S04 1 F 79 45000 kJ /kg a1
fafte /@ 0-82 ®1 1, 2, 3, 4 % %0 H gug-gug faferet i dom oyl Y degER 3w
WR 131 N, 135N, 133 N @91 137 N & %4 & $5F W T Aid qhieqor foran man) 359 6 39
T T R A HRR—F AE, S6 A g I|, 3% i asan, S Ak S
@y, gfd Wi, A e a1 gia me e 1)

A four-cylinder diesel engine with swept volume of 0-98 litre is tested on a
performance bed. The engine running at a speed of 2500 r.p.m. against a brake
with arm of 0-3 m produces brake load of 190 N with fuel consumption of
6-8 litres/hr. The calorific value of fuel is 45000 kJ/kg and specific gravity of
fuel is 0-82. A Morse test is carried out on the engine by cutting off the fuel
supply of individual cylinder in the order 1, 2, 3, 4 with corresponding brake
loads 131N, 135N, 133N and 137N, respectively. Calculate the b.p.,
b.m.e.p., brake thermal efficiency, b.s.f.c., i.p., mechanical efficiency and
i.m.e.p. of the engine at test speed. 20

(b) T Wk T, TH IR WO-IA AU F WY TH TR W9 TH W HE F@ 2| AT W0
AT % T W 125 9R, 500 °C R YT Bt & a1 10 SR e waTid Bt &, el % 5o
w9 fehTet ot St R AU 9= RO-Se a9 F A 4 Il 2 ot qOE § o gai
TG 59 H FUH 10 IR W U 39 F A gon wafE A qg=an ¥) aw ¥ w9 120 9)
T 170 °C q99H % WY aR Fieberar §1 99fE 2@ 0-06 SR ¥ ZEET 41 99 FE )
AT A T Wk A qema fPuffa FRA 125 ar, 500 °C W um f wied
h =3343:6 kJ/kg a9 T2idt s = 6-4651 kJ/kg-K 2|

[59 9 % o1 # & g8 Ww wniEt = @i Hifkve)

CRNA-S-MCHE/19 10



(c)

(@)

(b)

A power plant operates on a regenerative steam cycle with one closed feedwater
heater. Steam enters the first turbine stage at 125 bar, 500 °C and expands
to 10 bar, where some of the steam is extracted and diverted to the closed
feedwater heater. Condensate exiting the feedwater heater as saturated liquid
at 10 bar passes through a trap into the condenser. The feedwater exits the
heater at 120 bar with a temperature of 170 °C. The condenser pressure is
006 bar. Assuming isentropic turbine and pump work, determine the thermal
efficiency of the cycle. At 125 bar, 500 °C for steam, h =3343-6 kJ/kg and
s=6-4651kJ/kg-K.

[Use steam tables provided at the end of this Paper]

Th @=o o i Hema § NH, -Siciar™ aeiwy gefia 33 &) o9ened | efiaeh-awis
HASH % Fifed o7 FE-F &7

Explain NH3-water vapor absorption refrigeration system with a neat diagram.
What are the desired properties of refrigerant-absorber combination?

(i) THo e 9 H HC, CO T« NO, IEsH & 734 H €49 & fd=m vl =
ISt il FAGEE g W el A w w=s fm A wem ¥ awgEd)

(i) T Mg Hio oM, e a-§um IgAE (Yo Tho 3Wo) 15 : 1 o1 wfed g
9: 1%, TH RN el Th WA ¥ Grdied % 0 F I@ qo1 AN HE: 1 91
Y1 27 °C &1 Tk % Afwan oA 91 3 T HA | T miv B ardfe wiEn
pV3 = C fram &1 wiem et R, o 1 FA TW 43000 kJ/kg 991 wEw 7
F C, =0717 kJ/kg-K |

() Briefly discuss HC, CO and NO, emission formation in SI engine. Explain
the dependence of these emissions on equivalence ratio with a neat
diagram.

() An IC engine working on an ideal Otto cycle has AFR of 15:1 and
compression ratio of 9: 1. The pressure and temperature at the start
of compression are 1 bar and 27 °C, respectively. Find the maximum
temperature and pressure of the cycle. Assume that compression process
follows the law pV"'33 = C, the calorific value of fuel is 43000 kJ/kg and
C, of working fluid is 0717 kJ/kg-K.

T W FEER &l 1 0 S MR 9gd <416 & a1 e srfeel aren ararggem snifdm -
%4 3fiHeq 316w : 20 °C DBT, 60% RH
&l 3G : 45 °C DBT, 30 °C WBT
HE I F : 35 kW
F& TH I : 20 kKW
3Uf&@ FaTe 9 90 cmm
T R (i) TG TR, () FE = IHEN G I O 3R (i) To Do do aun rqerh
Hfirehey % ford qa:arm ) W) Fveeh 1 S e 0-05 WA
[38 o & 31 & wrgsprfifes = faan gon 2

20

10

10

10
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A food processing room has a very high latent heat load and is required to be

air conditioned as per the following data :

Determine the (i) ventilation load, (ij) room and effective sensible heat factors
and (iii) ADP and amount of reheat for economical design. Assume bypass

Room design conditions :

20 °C DBT, 60% RH

Outside conditions : 45 °C DBT, 30 °C WBT
Room sensible heat : 35 kW
Room latent heat : 20 kW

The ventilation air requirement is 90 cmm

factor of the coil as 0-05.

[Psychrometric chart is given at the end of this Paper]
Table for Properties of Air

T p Cp n v k o
3 s5\| (2 6 2 a | Pr
(K) (kg/m*) | (kJ/kg-K) | (kg/m-s x10%)| (m“/s x10°) (W/m-K) (m*“/s x107)
100 | 39010 | 1-:0266 0-6924 1-923 0:009246 0-:02501 0770
150 | 2:3675 | 1-0099 1-0283 4-343 0:013735 0-05745 | 0753
200 | 17687 | 1-0061 1-3289 7-49 0-:01809 0-10165 | 0739
250 | 14128 | 1-0053 1-488 9:49 0:02227 0-13161 | 0:722
300 | 1-1774 | 1-0057 1-983 1568 0-:02624 0-2216 0-708
350 | 09980 | 1-:0090 2-075 2076 0-:03003 0-2983 0-697
400 | 0-8826 | 10140 2:286 2590 0-03365 0-3760 0-689
450 | 07833 | 1-0207 2:284 2886 0-:03707 0-4222 0-683
500 | 0-7048 | 1-0295 2:671 3790 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 0:04649 0-7512 0-:680
650 | 0-5430 | 1-0635 3-177 58:51 0-04953 0-8578 0-682
700 | 0-5030 | 1-0752 3-322 66:25 0-05230 09672 0-684
750 | 04709 | 1-0856 3-481 7391 0-05509 1-0774 0-686
800 | 04405 | 10978 3:625 82:29 0-:05779 1-1951 0-689
850 | 04149 | 1-1095 3-765 9075 0-:06028 1-3097 0-692
900 | 0-3925 | 11212 3-899 99-3 0-:06269 1-4271 0:696
950 | 0-3716 | 1-1321 4-023 108-2 0-:06525 1-5610 0-:699
1000 | 0-3524 | 1-1417 4-152 117-8 0-:06752 1-6779 0-702
1100 | 0-3204 | 1-160 4-44 136-6 0-0732 1-969 0-704
1200 | 02947 | 1-179 4-92 159-1 0-:0782 2:251 0-707
1300 | 0-2707 | 1-197 4-93 182-1 0-0837 2:583 0-705
1400 | 0-2515 | 1-214 517 2055 0-:0891 2920 0-705
1500 | 0-2355 | 1:230 540 229-1 0-:0946 3-262 0-705
1600 | 0-2211 | 1-248 563 254-5 0-100 3:609 0-705

() T& aifea (Sfaer) &, Wifas Yard 6t st % for, e w9 @ fig fivd f5 w fifta
Fa a1 gy we f e #3, siftean e % R, e % Flm qmem W

FrarEw % fe ae | wE fifa s aren ey 2 B
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(@)

(b)

Prove mathematically that for maximum discharge through a chimney of a
certain height and cross-section, the absolute temperature of gases bears
a certain ratio to the absolute temperature of the outside atmosphere, in case
of natural draught of a boiler.

60 kW % % @rfis® & 9o 9l U ard gefied geiiad (flo Ho 1Ro) =k Wi a1
e i (e 3o Po) 6-0 ¥1 FgW 3@ a1 wgw Weiaw a9 H T, 35 °C F
HOFA AEEE WA 11495 kJ /kg A1 283-89 kJ/kg ¥ a A Frken A wgw
wfash Ay i AR 27576 kJ /kg &1 Grdies & ffn w weftas &1 aomm @ SiRE
wHfias #1 C,, = 0-62 kJ/kg-K ?|

A VCR cycle refrigerator driven by a 60 kW compressor has a COP of 6-0. The
enthalpies of saturated liquid and saturated vapor refrigerant at condenser
temperature of 35°C are 114:95kJ/kg and 283-89 kJ/kg, respectively.
The saturated refrigerant vapor leaving evaporator has an enthalpy of
27576 kJ/kg. Find the temperature of refrigerant at the exit of compressor.
The C, of refrigerant is 0-62 kJ/kg-K.

T Y MR- A WaTET Gy Wi wad A, fga ww e s B fem e, v s % am
S 1 Sgfd i st 2, R & sfafes $om semn s @) e cEms # eE e 745
?, 9 F F<wW AEA 15 °C a9 AfHaw AR 750 °C 31 SARRE T F 7w @ g
A9EH 750 °C % 9 ST & a9 99 S & 74 100 °C R Fraverdt 21 W9 2xameq & w9 6
AMfd 50 SR @2 600 °C W F et ® 3R Guf @ 0-1 R }) w3 F @ WiE IaA
200 MW ®| T& TR T §oa #1 e WW 43-3 MJ/kg ®1 $69 A wen TR ® F 9y
YR W YS ATt Y9TE F T WA Y, AT HIRA (§) Fifda a1 qon W9 vaw ®, (@) e
TETEA T 9 A F1 A I, (i) G Wie 999 6 qie g o () arg-fa
wmal T W % f@ C,=1.11kJ/kgK @ y=1.33; Iy ¥ fm
Cp =1-005 kJ/kg-K @1 y =1-4 il o9 &6 w7 R daffi| i 0-1 ar ® w=dedt
192 kJ/kg < | [98 HE& 14 § Aifer smi@ dam §)

In a combined gas turbine-steam turbine power plant, the exhaust gas from
the open-cycle gas turbine is the supply gas to the steam generator of the
steam cycle at which additional fuel is burnt in the gas. The pressure ratio for
the gas turbine is 7-5, the air inlet temperature is 15 °C and the maximum
temperature is 750 °C. Combustion of additional fuel raises the gas
temperature to 750 °C and the gas leaves the steam generator at 100 °C. The
steam is supplied to the steam turbine at 50 bar and 600 °C and the condenser
pressure is 0'1 bar. The total power output of the plant is 200 MW. The
calorific value of the fuel burnt is 43-3 MJ/kg. Neglecting the effect of the mass
flow rate of fuel on the air flow, determine (i) the flow rate of air and steam
required, (ii) the power outputs of the gas turbine and steam turbine, (ii)) the
thermal efficiency of the combined plant and (iv) the air-fuel ratio. Take
Cp =1-11kJ/kg-K and y =1-33 for combustion gases; and Cp =1-005 kJ/kg-K
and y=1-4 for air. Neglect pump work. Condensate enthalpy at 0'1 bar =
192 kJ /kg.

[Mollier diagram is attached in Page No. 14]
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Enthalpy h, kJ/kg
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(c) = aTq G Th1 Bl GEE H S TN § T uw A gw I, g gi gl w9 @ srawifia
1 Sl R Al AR =k B ardia e n, @ qn AR @ < ad aEd 0, 1, @
-5 1 31 §4 aqarst & w9 7 Fruifa HRR | =6 B Sorwfa @i
Two vapor power cycles are coupled in series where heat lost by one is
absorbed by the other completely. If 1, is the thermal efficiency of the topping

cycle and n, is the thermal efficiency of the bottom cycle, determine the

efficiency of the combined cycle in terms of these efficiencies. Assume cycles to
be reversible. 10

* ok ok
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Saturated water—Temperature table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kd/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
T°C PukPa vy Vg us Ugg Ug hy hig hy St St Sg
0.01 0.6117 0.001000 206.00 0.000 23749 23749 0.001 2500.9 2500.9 0.0000 9.1556 9.1556
5 0.8725 0.001000 147.03 21.019 2360.8 23818 21.020 2489.1 2510.1 0.0763 8.2487 9.0249
10 1.2281 0.001000 106.32 42.020 2346.6 2388.7 42.022 2477.2 2519.2 0.1511 8.7488 8.8399
15 1.7057 0.001001 77.885 62.980 2332.5 23955 62.982 24654 25283 0.2245 8.5559 8.7803
20 2.3392 0.001002 57.762 83.913 23184 24023 83.915 24535 25374 0.2965 8.3696 8.6661
25 3.1698 0.001003 43.340 104.83 2304.3 2409.1 104.83 24417 2546.5 0.3672 8.1895 8.5567
30 42469 0.001004  32.879 12573 2290.2 24159 12574 24298 25556 0.4368 8.0152 8.4520
35 5.6291 0.001006 25.205 146.63 2276.0 24227 146.64 24179 2564.6 0.5051 7.8466 8.3517
40 7.3851 0.001008 19.515 167.53 2261.9 24294 167.53 2406.0 25735 0.5724 7.6832 8.2556
45 9.5953 0.001010 15.251 188.43 2247.7 2436.1 188.44 2394.0 25824 0.6386 7.5247 8.1633
50 12.352 0.001012 12.026 209.33 2233.4 24427 209.34 2382.0 2591.3 0.7038 7.3710 8.0748
55 15.763 0.001015 9.5639 230.24 2219.1 24493 230.26 23698 2600.1 07680 7.2218 7.9898
60 19.947  0.001017 7.6670 251.16 2204.7 24559 251.18 2357.7 26088 0.8313 7.0769 7.9082
65 25.043 0.001020 6.1935 272.09 2190.3 24624 272.12 23454 2617.5 0.8937 6.9360 7.8296
70 31.202 0.001023 5.0396 293.04 2175.8 24689 293.07 2333.0 2626.1 0.9551 6.7989 7.7540
75 38.597 0.001026 4.1291 313.99 2161.3 24753 314.03 2320.6 26346 1.0158 6.6655 7.6812
80 47.416 0.001029 3.4053 334.97 2146.6 2481.6 335.02 2308.0 26430 1.0756 6.5355 7.6111
85 57.868  0.001032 2.8261 35596 2131.9 24878 356.02 22953 26514 1.1346 6.4089 7.5435
0 70.183 0.001036 2.3593 376.97 2117.0 24940 377.04 22825 26596 1.1929 6.2853 7.4782
95 84.609 0.001040 1.9808 398.00 2102.0 2500.1 398.09 2269.6 2667.6 12504 6.1647 7.4151
100 101.42 0.001043 1.6720 419.06 2087.0 2506.0 419.17 2256.4 26756 13072 6.0470 7.3542
105 120.90 0.001047 1.4186 440.15 2071.8 25119 440.28 2243.1 26834 13634 59319 7.2952
110 143.38 0.001052 1.2094 461.27 2056.4 2517.7 461.42 2229.7 2691.1 14188 5.8193 7.2382
115 169.18 0.001056 1.0360 482.42 2040.9 2523.3 48259 22160 2698.6 14737 5.7092 7.1829
120 198.67 0.001060 0.89133 503.60 2025.3 25289 503.81 2202.1 2706.0 15279 5.6013 7.1292
125 232.23 0.001065 0.77012 524.83 2009.5 2534.3 525.07 2188.1 2713.1 1.5816 5.4956 7.0771
130 270.28 0.001070 0.66808 546.10 1993.4 2539.5 546.38 2173.7 2720.1 1.6346 5.3919 7.0265
135 313.22 0.001075 0.58179 56741 1977.3 25447 567.75 2159.1 27269 1.6872 5.2901 6.9773
140 361.53 0.001080 0.50850 588.77 19609 25496 589.16 21443 27335 1.7392 5.1901 6.9294
145 415.68 0.001085 0.44600 610.19 19442 25544 610.64 2129.2 27398 1.7908 5.0919 6.8827
150 476.16 0.001091 0.39248 631.66 19274 2559.1 632.18 2113.8 27459 18418 4.9953 6.8371
155 543.49 0.001096 0.34648 653.19 1910.3 2563.5 653.79 2098.0 27518 1.8924 49002 6.7927
160 618.23 0.001102 0.30680 674.79 1893.0 2567.8 675.47 2082.0 2757.5 1.9426 4.8066 6.7492
165 700.93 0.001108 0.27244 696.46 18754 25719 697.24 2065.6 2762.8 1.9923 4.7143 6.7067
170 792.18 0.001114 0.24260 718.20 1857.5 2575.7 719.08 2048.8 27679 2.0417 4.6233 6.6650
175 892.60 0.001121 0.21659 740.02 1839.4 25794 741.02 2031.7 27727 2.0906 4.5335 6.6242
180 1002.8 0.001127 0.19384 761.92 1820.9 25828 763.05 2014.2 27772 2.1392 4.4448 6.5841
185 1123.5 0.001134 0.17390 78391 1802.1 2586.0 785.19 1996.2 27814 2.1875 4.3572 6.5447
120 1255.2 0.001141 0.15636 806.00 1783.0 2589.0 807.43 1977.9 27853 2.2355 4.2705 6.5059
195 1398.8 0.001149 0.14089 828.18 1763.6 2591.7 829.78 1959.0 2788.8 2.2831 4.1847 6.4678
200 1554.9 0.001157 0.12721 85046 1743.7 2594.2 852.26 1939.8 2792.0 2.3305 4.0997 6.4302
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Saturated water—Temperature table (Continued)

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kl/kg kJ/kgK
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Temp., press., liquid, vapor, liquid, Evap., vapor, liquid,  Evap., vapor, liquid, Evap., vapor,
T°C ParkPa v, Vg Uy Upg Ug h; hye hy S Stg Sg
205 1724.3 0.001164 0.11508 872.86 17235 259.4 874.87 19200 27948 2.3776 4.0154 6.3930
210 1907.7 0.001173 0.10429 89538 17029 2598.3 897.61 1899.7 2797.3 2.4245 3.9318 6.3563
215 21059 0.001181 0.094680 918.02 16819 25999 920.50 1878.8 2799.3 24712 3.8489 6.3200
220 2319.6 0.001190 0.086094 940.79 1660.5 2601.3 943.55 1857.4 2801.0 25176 3.7664 6.2840
225 2549.7 0.001199 0.078405 963.70 1638.6 2602.3 966.76 18354 2802.2 2.5639 3.6844 6.2483
230 2797.1 0.001209 0.071505 986.76 1616.1 2602.9 990.14 18128 28029 2.6100 3.6028 6.2128
235 3062.6 0.001219 0.065300 1010.0 1593.2 2603.2 1013.7 17895 2803.2 2.6560 3.5216 6.1775
240 3347.0 0.001229 0.059707 1033.4 1569.8 2603.1 1037.5 17655 2803.0 2.7018 3.4405 6.1424
245 3651.2 0.001240 0.054656 1056.9 1545.7 2602.7 1061.5 17408 2802.2 2.7476 3.3596 6.1072
250 3976.2 0.001252 0.050085 1080.7 1521.1 2601.8 10857 17153 2801.0 2.7933 3.2788 6.0721
255 43229 0.001263 0.045941 1104.7 14958 2600.5 1110.1 1689.0 2799.1 2.839%0 3.1979 6.0369
260 4692.3 0.001276 0.042175 1128.8 1469.9 2598.7 11348 1661.8 2796.6 2.8847 3.1169 6.0017
265 5085.3 0.001289 0.038748 1153.3 14432 2596.5 1159.8 1633.7 2793.5 2.9304 3.0358 5.9662
270 5503.0 0.001303 0.035622 1177.9 1415.7 2593.7 1185.1 1604.6 2789.7 29762 29542 59305
275 59464 0.001317 0.032767 1202.9 13874 2590.3 1210.7 15745 27852 3.0221 2.8723 5.8944
280 6416.6 0.001333 0.030153 1228.2 1358.2 2586.4 1236.7 15432 2779.9 3.0681 2.7898 5.8579
285 6914.6 0.001349 0.027756 1253.7 1328.1 2581.8 1263.1 1510.7 2773.7 3.1144 2.7066 5.8210
290 74418 0.001366 0.025554 1279.7 1296.9 2576.5 1289.8 14769 2766.7 3.1608 2.6225 57834
295 7999.0 0.001384 0.023528 1306.0 1264.5 2570.5 1317.1 14416 2758.7 3.2076 2.5374 5.7450
300 8587.9 0.001404 0.021659 1332.7 12309 2563.6 1344.8 14048 2749.6 3.2548 24511 5.7059
305 9209.4 0.001425 0.019932 1360.0 11959 25558 1373.1 1366.3 27394 3.3024 2.3633 5.6657
310 9865.0 0.001447 0.018333 1387.7 11593 2547.1 1402.0 1325.9 27279 3.3506 2.2737 5.6243
315 10,556 0.001472 0.016849 1416.1 1121.1 2537.2 1431.6 12834 27150 3.3994 2.1821 5.5816
320 11,284 0.001499 0.015470 1445.1 1080.2 2526.0 1462.0 12385 2700.6 3.4491 2.0881 5.5372
325 12,051 0.001528 0.014183 1475.0 10385 25134 14934 1191.0 2684.3 3.4998 1.9911 5.4908
330 12,858 0.001560 0.012979 1505.7 993.5 2499.2 1525.8 1140.3 2666.0 3.5516 1.8906 5.4422
335 13,707 0.001597 0.011848 1537.5 9455 2483.0 15594 10860 26454 3.6050 1.7857 5.3907
340 14,601 0.001638 0.010783 1570.7 893.8 2464.5 15946 10274 2622.0 3.6602 16756 5.3358
345 15,541 0.001685 0.009772 1605.5 837.7 24432 1631.7 9634 2595.1 3.7179 1.5585 5.2765
350 16,529 0.001741 0.008806 1642.4 7759 24183 1671.2 892.7 2563.9 3.7788 14326 52114
355 17,570 0.001808 0.007872 1682.2 7064 23886 1714.0 812.9 2526.9 3.8442 1.2942 5.1384
360 18,666 0.001895 0.006950 1726.2 6257 23519 1761.5 720.1 2481.6 3.9165 1.1373 5.0537
365 19,822 0.002015 0.006009 17772 526.4 2303.6 1817.2 605.5 24227 4.0004 0.9489 4.9493
370 21,044 0.002217 0.004953 1844 .5 3856 2230.1 1891.2 443.1 23343 4.1119 0.6830 4.8009
373.95 22,064 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 44070 O 4.4070
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Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kJ/kg-K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
P,kPa Tsatvoc Vs Vg Uy Ufg Ug hf h'g he Sf ng Sg
1.0 6.97 0.001000 129.19 29.302 2355.2 2384.5 29.303 2484.4 2513.7 0.1059 8.8690 8.9749
L5 13.02 0.001001 87.964 54686 2338.1 2392.8 54.688 2470.1 2524.7 0.1956 8.6314 8.8270
2.0 17.50 0.001001 66.990 73.431 2325.5 2398.9 73.433 2459.5 2532.9 0.2606 8.4621 8.7227
2.5 21.08 0.001002 54.242 88.422 2315.4 2403.8 88.424 2451.0 2539.4 03118 8.3302 8.6421
3.0 24.08 0.001003 45.654 10098 2306.9 2407.9 100.98 24439 2544.8 0.3543 8.2222 8.5765
4.0 28.96 0.001004 34.791 121.39 2293.1 24145 121.39 24323 2553.7 0.4224 8.0510 8.4734
5.0 32.87 0.001005 28.185 137.75 2282.1 2419.8 137.75 2423.0 2560.7 0.4762 7.9176 8.3938
7.5 40.29 0.001008 19.233 168.74 2261.1 2429.8 168.75 2405.3 2574.0 05763 7.6738 8.2501
10 4581 0.001010 14.670 191.79 22454 2437.2 191.81 23921 2583.9 0.6492 7.4996 8.1488
15 53.97 0.001014 10.020 22593 2222.1 2448.0 225.94 23723 2598.3 0.7549 7.2522 8.0071
20 60.06 0.001017 7.6481 25140 2204.6 2456.0 251.42 2357.5 2608.9 0.8320 7.0752 7.9073
25 64.96 0.001020 6.2034 27193 2190.4 24624 271.96 23455 2617.5 0.8932 6.9370 7.8302
30 69.09 0.001022 5.2287 289.24 21785 2467.7 289.27 23353 2624.6 09441 6.8234 7.7675
40 75.86 0.001026 3.9933 317.58 21588 2476.3 317.62 23184 2636.1 1.0261 6.6430 7.6691
50 81.32 0.001030 3.2403 340.49 21427 2483.2 340.54 2304.7 2645.2 1.0912 6.5019 7.5931
75 91.76 0.001037 2.2172 38436 2111.8 2496.1 384.44 2278.0 2662.4 1.2132 6.2426 7.4558
100 99.61 0.001043 1.6941 417.40 2088.2 2505.6 417.51 2257.5 2675.0 13028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 41895 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125 105.97 0.001048 1.3750 44423 2068.8 2513.0 444.36 2240.6 26849 13741 59100 7.2841
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 2226.0 2693.1 14337 5.7894 7.2231
175 116.04 0.001057 1.0037 486.82 2037.7 2524.5 487.01 2213.1 2700.2 1.4850 5.6865 7.1716
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 5.5968 7.1270
225 123.97 0.001064 0.79329 520.47 2012.7 2533.2 520.71 2191.0 2711.7 15706 55171 7.0877
250 127.41 0.001067 0.71873 53508 2001.8 2536.8 535.35 2181.2 2716.5 1.6072 5.4453 7.0525
275 130.58 0.001070 0.65732 54857 1991.6 2540.1 54886 2172.0 2720.9 1.6408 5.3800 7.0207
300 133.52 0.001073 0.60582 561.11 1982.1 2543.2 561.43 2163.5 2724.9 16717 53200 6.9917
325 136.27 0.001076 0.56199 572.84 1973.1 25459 573.19 2155.4 2728.6 1.7005 5.2645 6.9650
350 13886 0.001079 0.52422 583.89 1964.6 25485 584.26 2147.7 2732.0 1.7274 5.2128 6.9402
375 141.30 0.001081 0.49133 59432 1956.6 2550.9 594.73 21404 2735.1 1.7526 5.1645 69171
400 143.61 0.001084 0.46242 60422 19489 2553.1 604.66 2133.4 2738.1 1.7765 5.1191 6.8955
450 147.90 0.001088 0.41392 62265 19345 2557.1 623.14 21203 2743.4 1.8205 5.0356 6.8561
500 151.83 0.001093 0.37483 639.54 1921.2 2560.7 640.09 2108.0 2748.1 1.8604 4.9603 6.8207
550 155.46 0.001097 0.34261 655.16 1908.8 2563.9 655.77 2096.6 2752.4 1.8970 4.8916 6.7886
600 158.83 0.001101 0.31560 669.72 1897.1 2566.8 670.38 2085.8 2756.2 1.9308 4.8285 6.7593
650 161.98 0.001104 0.29260 683.37 1886.1 2569.4 684.08 20755 2759.6 19623 4.7699 6.7322
700 164.95 0.001108 0.27278 696.23 1875.6 2571.8 697.00 2065.8 2762.8 1.9918 4.7153 6.7071
750 167.75 0.001111 0.25552 708.40 1865.6 2574.0 709.24 2056.4 2765.7 2.0195 4.6642 6.6837
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Saturated water—Pressure table (Continued)

Specific volume, Internal energy, Enthalpy, Entropy,
m3/kg kJ/kg kJ/kg kd/kgK
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap., vapor,
P.kPa Tatr’'C ¢ Vg Uy Ugg U, hy heg hy St Stg S,
800 170.41 0.001115 0.24035 719.97 1856.1 2576.0 720.87 2047.5 2768.3 2.0457 46160 6.6616
850 17294 0.001118 0.22690 731.00 1846.9 2577.9 731.95 2038.8 2770.8 2.0705 45705 6.6409
900 175.35 0.001121 0.21489 74155 1838.1 2579.6 74256 2030.5 2773.0 2.0941 45273 6.6213
950 177.66 0.001124 0.20411 751.67 1829.6 2581.3 75274 2022.4 2775.2 2.1166 4.4862 6.6027
1000 179.88 0.001127 0.19436 761.39 1821.4 2582.8 76251 2014.6 2777.1 2.1381 4.4470 6.5850
1100 184.06 0.001133 0.17745 779.78 1805.7 2585.5 781.03 1999.6 2780.7 2.1785 4.3735 6.5520
1200 187.96 0.001138 0.16326 79696 1790.9 2587.8 79833 1985.4 2783.8 2.2159 4.3058 6.5217
1300 191.60 0.001144 0.15119 813.10 1776.8 2589.9 814.59 1971.9 2786.5 2.2508 4.2428 6.4936
1400 195.04 0.001149 0.14078 828.35 1763.4 2591.8 829.96 1958.9 2788.9 2.2835 4.1840 6.4675
1500 198.29 0.001154 0.13171 84282 1750.6 2593.4 84455 1946.4 2791.0 23143 4.1287 6.4430
1750 205.72 0.001166 0.11344 876.12 1720.6 2596.7 878.16 1917.1 2795.2 2.3844 4.0033 6.3877
2000 212.38 0.001177 0.099587 906.12 1693.0 2599.1 908.47 1889.8 2798.3 2.4467 3.8923 6.3390
2250 218.41 0.001187 0.088717 933.54 1667.3 2600.9 936.21 1864.3 2800.5 2.5029 3.7926 6.2954
2500 22395 0.001197 0.079952 95887 1643.2 2602.1 961.87 1840.1 2801.9 2.5542 3.7016 6.2558
3000 233.85 0.001217 0.066667 10046 15985 2603.2 1008.3 1794.9 2803.2 2.6454 3.5402 6.1856
3500 24256 0.001235 0.057061 10454 1557.6 2603.0 1049.7 1753.0 2802.7 2.7253 3.3991 6.1244
4000 250.35 0.001252 0.049779 10824 1519.3 2601.7 1087.4 1713.5 2800.8 2.7966 3.2731 6.0696
5000 263.94 0.001286 0.039448 1148.1 14489 2597.0 11545 1639.7 2794.2 2.9207 3.0530 5.9737
6000 275.59 0.001319 0.032449 1205.8 1384.1 2589.9 1213.8 1570.9 2784.6 3.0275 2.8627 5.8902
7000 285.83 0.001352 0.027378 1258.0 1323.0 2581.0 1267.5 1505.2 2772.6 3.1220 2.6927 5.8148
8000 295.01 0.001384 0.023525 1306.0 12645 2570.5 1317.1 1441.6 2758.7 3.2077 2.5373 5.7450
9000 303.35 0.001418 0.020489 13509 1207.6 2558.5 1363.7 1379.3 27429 3.2866 2.3925 5.6791
10,000 311.00 0.001452 0.018028 1393.3 1151.8 2545.2 1407.8 1317.6 2725.5 3.3603 2.2556 5.6159
11,000 318.08 0.001488 0.015988 14339 1096.6 2530.4 1450.2 1256.1 2706.3 3.4299 2.1245 5.5544
12,000 324.68 0.001526 0.014264 14730 1041.3 2514.3 1491.3 1194.1 2685.4 3.4964 19975 5.4939
13,000 330.85 0.001566 0.012781 1511.0 9855 2496.6 1531.4 1131.3 2662.7 3.5606 1.8730 5.4336
14,000 336.67 0.001610 0.011487 15484  928.7 2477.1 1571.0 1067.0 2637.9 3.6232 1.7497 5.3728
15,000 342.16 0.001657 0.010341 15855 870.3 2455.7 1610.3 1000.5 2610.8 3.6848 1.6261 5.3108
16,000 347.36 0.001710 0.009312 1622.6 809.4 2432.0 1649.9 931.1 2581.0 3.7461 1.5005 b5.2466
17,000 352.29 0.001770 0.008374 1660.2 745.1 2405.4 1690.3 857.4 2547.7 3.8082 1.3709 5.1791
18,000 356.99 0.001840 0.007504 1699.1 675.9 2375.0 1732.2 777.8 2510.0 3.8720 1.2343 5.1064
19,000 361.47 0.001926 0.006677 17403 598.9 2339.2 1776.8 689.2 2466.0 3.9396 1.0860 5.0256
20,000 365.75 0.002038 0.005862 1785.8 509.0 2294.8 1826.6 585.5 2412.1 4.0146 0.9164 4.9310
21,000 369.83 0.002207 0.004994 18416 391.9 2233.5 1888.0 450.4 2338.4 4.1071 0.7005 4.8076
22,000 373.71 0.002703 0.003644 1951.7 140.8 2092.4 2011.1 161.5 2172.6 4.2942 0.2496 4.5439
22,064 37395 0.003106 0.003106 2015.7 0 2015.7 2084.3 0 2084.3 44070 O 4.4070
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SENSIBLE HEAT FACTOR

Ref. Point for SHF is 25 °C, 50% RH
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