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Section A : Thermodynamics + Refrigeration and Air-conditioning + IC Engine

Helium gas is contained in a closed rigid tank. An electric resistor in the tank transfers

energy to the gas at constant rate of 1 kW. Heat transfer from the gas to its surroundings

occurs at a rate of 50 f watts, where t is time in seconds. Plot the change in energy of the
s tas o o)

helium in kJ, for £ =2 0 and comment.
[12 marks]
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1(b)

A preheater is used to preheat water in a power plant cycle, as shown in the figure
below. The super heated steam is at a temperature of 250°C and the entering water is
subcooled at 45°C. All the pressures are 600 kPa. Calculate the rate of entropy generation.
Is the process reversible or irreversible. Explain why? (Neglect kinetic and potential
energy changes) [Use Steam Table attached at the end]
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2.1 (c)

In the generator of an ammonia absorption refrigeration system, 10 kg of strong aqua

solution at 82°C per minute is supplied for every kg of NH, driven out from the solution.

The remaining weak solution leaves the generator at 100°C. Assuming the mass

concentration of the aqua ammonia in the generator is 0.35.

(i)
(i)

i)

Find the quantity of heat supplied from the external source per kg of NH, generated.

The NH, generated in the generator is completely condensed to saturated liquid in
the condenser and is completely evaporated in the evaporator. Using the P-h chart,
find the ratio of refrigerating effect in the evaporator to the heat supplied in the
generator per kg of NH,.

Assume the pressure in the evaporator is 2 bar.

If the flow of anhydrous ammonia through the evaporator is 8 kg/min, find the
capacity of the system in tons of refrigeration.

Compare the refrigerating effect produced from the amount of heat given to the
generator is utilised in vapour-compression system working in the same pressure
limit and having the same conditions of refrigerant in the inlet and outlet of the
evaporator. Assume the compression machine of vapour compression system is
driven by a prime-mover which has a thermal efficiency of 10%.

Assume the compression in the compressor is isentropic and transmission efficiency
between the prime-mover and compressor is 100%.

Take the following data: Pressure in the generator = 10 bar. Enthalpy of NH, leaving the
generator = 1860 k] /kg

Mean specific heat of solution = 4.78 k] /kg-°C

Heat loss from the generator to atmosphere = 79 kJ/kg of NH, generated.

Take the heat of aqua ammonia = 418 k] /kg at 0°C

Use the following equation for the heat of absorption:

Q, = 802.5(1 - x,,) — 928x2

%, where x_is the mean mass concentration of aqua ammonia.

'l

10 bar

2 bar

h (k]/kg}

[12 marks]
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Q.1 (d)| Explain how does a complete HVAC system work to meet the heating, ventilating and

air conditioning requirements of a large complex?
[12 marks]
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A petrol engine is supplied with fuel having calorific value 42000 k]J/kg. The pressure
in the cylinder at 10% and 80% of the compression stroke are 1 bar and 4 bar respectively.
Assume that the compression follows the law PV1? = constant. Find the compression
ratio of the engine. If the relative efficiency of the engine compared with the air standard
efficiency is 75%, then calculate the indicated specific fuel consumption in kg/kWh.
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|

A frictionless piston cylinder arrangement is loaded with a linear spring, having spring
constant 100 kN/m and the piston cross-sectional area is 0.1 m? The cylinder initial
volume of 20 L contains air at 200 kPa and 10°C. The cylinder has a set of stops that
prevent its volume exceeding 50L. A valve connects to a line flowing air at 800 kPa,
50°C. The valve is now opened, allowing air to flow in until the cylinder pressure reaches
800 kPa, at this point the temperature inside the cylinder is 80°C. The valve is then closed
and the process ends.

(i) Is the piston at the stops at the final state?

(i) Taking the inside of the cylinder as a control volume calculate the heat transfer

during the process.

(iii) Calculate the net entropy change for this process.
Neglect the mass of the piston.

[For air, take ¢, =1.005 KJ/kgK, c, = 0.718 k] /kgK, R = 0.287 k] /kgK]
[20 marks]
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A R-12 vapour compression system includes a liquid vapour heat exchanger in the
system. A system of 80 kW refrigeration capacity operates between -8°C and 42°C
respectively. Refrigerant is subcooled by 5°C before entering the throttle valve and
superheated by 10°C before entering the compressor. If a two-cylinder single acting
reciprocating compressor with bore to stroke ratio of 1 : 1.4 operates at 1250 rpm then,
determine the following

(i) COP of the system
(i) Mass flow rate of refrigerants
(iii) Theoretical piston displacement per minute

(iv) Bore and stroke of the compressor
Assume volumetric efficiency of the compressor = 85%

Take C, = 1.24 KJ/kg°C and C, = 0.74 kJ/kg°C for R-12

Use the following properties of R-12

- €O Enthalpy (k]/kg) Entropy kJ/kg-K Specific volume (m®/kg)
emp.
£ Liquid Vapour | Liquid Vapour Liquid Vapour
-8 190.7 402.3 0.966 1764 | 076 %107 0.064
+42 2524 416.8 175 1697 | 089x10° 0.014
[20 marks]
RC = 8OKW - L ()
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2 (9)

A four cylinder tour stroke SI engine has a bore of 50 mm and stroke of 70 mm. It runs at
3200 rpm and is tested at this speed against a brake which has a torque arm of 0.35 m.
The net brake load is 150 N and the fuel consumption is 6 litre per hour. The specific
gravity of the fuel used is 0.78 and it has a lower calorific value of 44000 kJ/kg. A
morse-test is carried out and the cylinders are cut out in the order 1, 2, 3 and 4 with the
corresponding brake loads of 100, 95, 98, 104 N respectively.

For this speed calculate

(i) Brake power

(ii) Brake mean effective pressure (bmep)

(iii) Brake thermal efficiency and Brake specific fuel consumption (bsfc)

(iv) Indicated power

(v) Mechanical efficiency and Indicated mean effective pressure (imep)
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Q3@

The steam at 7 bar saturated to a steam ejector water vapour refrigeration system. The
temperature of the water in flash chamber is 5°C. Make up water is supplied at 20°C.
The pressure in the condenser is 0.06 bar. The nozzle efficiency is 90%, the entrainment
efficiency is 65% and the compression efficiency is 82%. Determine

(i) Mass of motive steam required per kg of flashed vapour.

(i) Quality of flashed vapour from flash chamber.

(iii) Refrigeration effect per kg of flash vapour.

(iv) Mass of motive steam required per hour per ton of refrigeration.

Assume quality of mixture of motive steam and flashed vapour out the beginning of
compression is 92% dry.

[Use Steam Tables attached at the end]

[20 marks]
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Q.3 (b)

An engine working on an Otto cycle having a compression ratio of 9, uses octane C;H,
as a fuel. The lower heating value of the fuel is 44000 k]/kg. The air fuel ratio is 14 : 1.
Determine the maximum pressure and temperature reached in the cycle. -

(i) Without considering the molar expansion
(ii) With molar expansion

Assume ¢, = 0.71 kJ/kgK, compression follows the law PV!? = constant, the pressure
and temperature of the mixture at the beginning of the compression being 1.2 bar and
65°C respectively. Determine the percentage molecular expansion.

[20 marks]
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3 {c)

A certain elastic balloon will support an internal pressure equal to P, = 100 kPa until the

balloon becomes spherical at a diameter of D, = 1 m, beyond which

P=F+C (1 —xﬁ)x; x= _DDQ ; because the offsetting effects of balloon curvature and

elasticity. This balloon contains helium gas at 250 K, 100 kPa, with a 0.4 m?® volume. The

balloon is heated until the volume reaches 2 m3. During the process the maximum

pressure inside the balloon is 200 kPa.

(i) What is the temperature inside the balloon when pressure is maximum?

(ii) What are the final pressure and temperature inside the balloon?
(iii) Determine the work and heat transfer for the overall process.

[Take Ry, = 2.077 k] /kgK and (C,),q, = 3.1156 kJ /kgK]

[20 marks]
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Q4 (a)| () Atmospheric air at 35°C and 60% RH is conditioned to 22°C DBT and 55% RH. This
is done first by cooling and dehumidifying and then heating. If the quantity of air
flow is 50 m? per minutes. Find the following

1. Capacity of cooling air (in tons)

2. Capacity of heating coil (in kW)

3. . Amount of water vapour added to the air per minute

Take P, = 1.033 bar
[Use Steam Table attached at the end]

(i) Define the term ‘bypass’ factor used for cooling or heating coil and find the expression
for that.

[15 + 5 marks]
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Q4 (b)| (i) A mixture is composed of 3 mol of CO, and 5 mol of N,. It is compressed
adiabatically in a cylinder from 110 kPa and 20°C to 2.2 MPa. Assuming constant
specific heats for both the gases:

For CO, take, c, = 0.653 kJ/kgK and £,= 0.842 kJ/kgK
For N, take, ¢, = 0.745 k] /kgK and g,= 1.042 k] /kgK

Calculate :

1. The final temperature.
2. The work required.

3. The change in entropy.

(i) The moment of inertia of a flywheel is 0.6 kg.m? and it rotates at a speed of 2100
rpm in a large insulated system at 18°C. The kinetic energy of the flywheel is
distributed as frictional heat at the shaft bearings. The water equivalent of the shaft
bearing is 0.8 kg. Find the rise in temperature of the shaft bearing when flywheel
has come to rest. Determine the maximum possible heat which may return to the
flywheel as high grade energy. Calculate how much amount of kinetic energy
becomes unavailable. What would be the final rpm of the flywheel if it is set in
motion with this available energy?

[10 + 10 marks]
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Q4 (¢)| (i) Discuss the various variables that affect the performance of an IC (Internal
Combustion) engine. Also define scavenging efficiency, efficiency and combustion
efficiency.
(ii) A single cylinder 4-stroke diesel engine running at 1400 rpm uses 2.3 kg of fuel per

hour of specific gravity 0.88. It has an open type injector with a single orifice nozzle
and the injection period of 25° crank angle. If the average injection pressure is 135
bar and the average pressure inside the cylinder is 25 bar, estimate the diameter of
the fuel orifice. [Assume c, for the nozzle = 0.88]

[10 + 10 marks]
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Section B : Thermodynamics + Refrigeration and Air-conditioning + IC Engine

Q.5 (a)| Draw a neat sketch of automatic expansion valve and explain its working.
[12 marks}
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Q.5 (b)

Show a systematic sketch of summer air conditioning for Hot and Humid outdoor

conditions and explain its working.

[12 marks]
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Q5 (9

A single cylinder two stroke SI engine has 9 cm diameter bore and 12 cm stroke. The
compression ratio is 9. The exhaust part opens 60° before BDC and closes 60° after
BDC. The air/fuel ratio is 16 : 1. The temperature, of the mixture entering into the
engine is 300 K and the pressure in the cylinder at the time of closing the exhaust is 1
bar. The R for the mixture = 287 k] /kgK. Air supplied to the engine is 180 kg/hr. The
speed of the engine is 3800 rpm. Considering the effective stroke, calculate the

scavenging ratio, the scavenging efficiency and the trapping efficiency.
[12 marks]




MBDE ERAS4Y Question Cum Answer Booklet I

Page 43 of 70

Do not
write in
this margin

Q.5 (d)

A closed rigid tank filled with water vapour, initially at 20.98 MPa, 633.22°C is cooled

until its temperature reaches 439.03°C, Determine
(i) the specific volume of the water vapour in m®/kg at the initial state.
(i) the pressure in MPa at the final state

[Take molecular weight, critical temperature and critical pressure as 18.02 kg/Kmol,

647.3 K and 220.9 bar respectively]
[Use compressibility chart attached at the end]

[12 marks]
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Q.5 (e)

A cylindrical copper rod of base area A and length L is insulated on its lateral surface.
One end of the rod is in contact with a wall at temperature T, . The other end is in contact
with a wall at a lower temperature T.. At steady state, the rate at which energy is
conducted into the rod from hot wall is

. KA(Ty -T¢)
Cp=————

where K is the thermal conductivity of the copper rod.

(i) Fortherod as the system, obtain an expression for the time rate of entropy production

intermsof A, L, Ty, T, and K.

@) If T, =427°C, T.=127°C, k= 0.4 kW/mK. A = 0.1 m? plot the heat transfer rate Qg
in kW, and the time rate of entropy production in kW/K, each versus L ranging
from 0.2 to 1 m.

[12 marks]
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Q.6 (2)

Two kg of air, initially at 5 bar, 350 K and 4 kg of carbon monoxide (CO) initially at 2 bar,
450 K are confined to opposite sides of a rigid, well insulated container by a partition as
shown in the figure. The partition is free to move and allows conduction from one gas to
the other without energy storage in the partition itself. The air and CO each behave as
ideal gases with constant specific heat ratio, y = 1.395. Determine at equilibrium

Insulation ‘—|

——— Movable partition

CO Air

m=4kg m=2kg
p=2bar p=>5bar
T=450K T=350K

(i) The temperature (in K)
(ii) The pressure (in bar)
(iii) The volume occupied by each gas (in m?)

[20 marks]
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6 (b)| (i} List and explain the various losses that causes deviation of the actual internal
combustion engine cycle from the ideal fuel-air cycle.

(ii) A spark-ignition engine runs at 2200 rpm. The compression ratio is 8, the cylinder
bore is 10 cm and the engine is square. Connecting rod length is 18 cm. The spark
plug is offset by 2 cm from the centre. The spark plug is offset by 2 cm from the
centre. The spark plug is fired at 20° bTDC. It takes 7° of engine rotation for the
combustion to develop and get into flame propagation mode. Flame termination
occurs at 14° aTDC. Calculate:

1. Piston displacement from TDC position at the time of flame termination.
2. Flame travel distance.
3. Effective flame speed.

() [10 + 10 marks]
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Q.6 (c)

In a thermoelectric refrigeration system of 20 W cooling capacity, T, = ~15°Cand T, = 40°C.
Both the diameter and length of p-type material are 0.01 m. The length of the n-type
material is also 0.01 m. The properties of thermoelectric material are as follows:

o, = 0.00015 V/K and O = -0.0002 V/K
o= 1000 cm™ Ohm! and 6, = 1500 cm™! Ohm!
k,=k,=12W/mK

For figure of merit to be maximum

(i) Find the area and the diameter of the n-type material, overall heat transfer coefficient
U, the resistance R and the figure of merit z.

(ii) Find the COP, the current, refrigeration effect, the number of thermocouple pairs
and the power for the case of maximum COP and for the case of maximum cooling.
[20 marks]
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.7 (a)| A car showroom is air-conditioned for sensible load of 58 kW and latent load of 14 kW.
The inside design conditions are 25°C DBT and 50% RH and outside design conditions
are 36.5°C DBT and 26°C WBT. The fresh (ventilation) air supplied to the showroom is
75 m®/min. Determine

(i) The ventilation load

(ii) Total load to be taken by the plant

(iii) Effective sensible heat factor

(iv) Apparatus dew point

(v) Dehumidified air quantity

(vi) Conditions of air entering the apparatus.
Take bypass factor of cooling coil as 0.2.

[Use Psychrometric Chart attached at the end]
[20 marks]
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Q.7 (b}

Refrigerant 134a flows at steady state through a horizontal tube having an inside diameter
of 0.07 m. The refrigerant enters the tube of quality of 0.1, temperature of 36°C, and

velocity of 12 m/s. The refrigerant exits the tube at 9 bar as a saturated liquid. Determine
(i) The mass flow rate of the refrigerant, in kg/s.
(i) The velocity of the refrigerant at the exit.

(iii) The rate of heat transfer, in kW, and its associated direction with respect to the

refrigerant.

[Use Refrigerant Table attached at the end]
[20 marks]
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Q7 (9)

A test on a single-cylinder, four stroke oil engine having bore of 16 cm and stroke 32 cm
gave the following results; speed 280 rpm; brake torque 200 Nm; indicated mean effective
pressure 8 bar; fuel consumption 2.5 kg/hr; cooling water flow 6 kg/min; cooling water
temperature rise 35°C; air fuel ratio 20; exhaust gas temperature 400°C; barometric
pressure 1 bar; room temperature 20°C. The fuel has calorific value of 42 M]/kg and
contains 16% weight of hydrogen. Take latent heat of vaporisation as 2250 kJ/kg.

Determine:
(i) Indicated thermal efficiency.

(ii) Volumetric efficiency based on atmospheric conditions.

Draw up a heat balance in terms of k] /min. Take ¢ - for dry exhaust gas =1 k] /kgK and
super heated steam ¢ o 2.1 kJ/kgK; R = 0.287 K] /kgK.

[Assume that the exhaust steam is in superheated state]

[20 marks]




MBDE ERSY4Y Question Cum Answer Booklet

|

Page 61 of 70

Do not
write in
this margin




MBDE ERSY4Y Question Cum Answer Booklet

Page 62 of 70

Do not
write in
this margin




MBPDE ERSY Question Cum Answer Booklet | Page 63 of 70

Do nat
write in
this margin

Q.8 (a)

A dual combustion cycle operates with a compression ratio of 13 and with a cut-off ratio
of 1.65. The maximum pressure is 50 bar. The pressure and temperature before
compression are 1 bar and 59°C respectively. Assuming indices of compression and

expansion to be 1.35. Determine
(i) The temperatures at cardinal points.
(ii) The cycle efficiency.

(iii) The mean effective pressure of the cycle.
[20 marks}
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8 (b)

Explain the stages of combustion in Spark Ignition (SI) and Compression Ignition (CI)

engines.

[20 marks]
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Q38 (o)

@

(i)

What are the design and operating variables which may decrease the formation of
NQO, in the exhaust of an SI engine? Briefly explain the effect of injection timing,
fuel/air ratio, type of fuel and intake air charge dilution on CI engine NO, exhaust

emission.

The compression ratio of an engine working an Diesel cycle is 22 and the air/fuel
ratio is 28 : 1. The temperature at the end of compression is 970 K. The calorific
value of the fuel is 42000 kJ/kg and the specific heat at constant volume of the
products of combustion is given by ¢, = (0.74 + 25 x 10-%T) kJ/kgK and
P = 0.287 k] /kgK. Determine the percentage of stroke at which combustion is
complete.

[10 + 10 marks]




MBDE EBRS4Y Question Cum Answer Booklet

Page 69 of 70

Do not
write in
this margin




MEDE ERSY4Y Question Cum Answer Booklet

Page 70 of 70

Do not

write in ,-]
this margi

Q000




"G00T ‘s[eauatepun ] YOOqPURH SLISY,
jurod [eonu) JaN_jutod spdury,
) q v

o2 23 o2 1295°1 12951 ¥9'68¢ ¥9'68¢€ S6100°0 6'T1IS £650'% uoo.ﬁow
1802 SE'ST 6541 6019°L 881S°1 89°L0% 0E'ELE 89200 2’189 ¥ile'E 00°00L
69t°F 020's 8C6'E 6¥9°1 SLLF'L £29°0¢¥ §Zace F£200°0 LTLL TL65°¢ 00's6
028'C e 964 29991 06e¥'1 [4:8°r4 4 £6°CVE I9%00°0 8268 (474> 00'06
FAYAYA L6ET 90€C 14291 POIF'1 9L LTV [AA4%Y 085000 7488 8576'C 0058
o'l Z10c €90'C 0889°1T 9E8¢’'T 18'RCy 6ECIE S¥900°0 806 9T 0008
8£8°1 P06°L 966'L 9£489'L €ELE'T 86'8CY €981 4890070 T'er6 8TCST 00'84
9941 [AL: " 86T 6689°T 1€9¢°1 Y0 62F ¥6'vie L2000 €486 191¥¢C 00'94
SOL'T ¥eL'l L8881 0T69°1 0ese’L 00'6C¥ eCIIE T1££00°0 2046 0E1CT 00F%L
€891 Q99°'1 £P8'T 6E69°1 0EPET 98'8C¥F 84740 2180070 8°¢86 (A% Fird 00°TL
£09'T S09'L ¥08'L 96691 ceee’l G9'8TY 8T ¥0E S9800°0 2966 8911°T 0004
L9491 FAsi 6941 TLE9'L el 9¢'8TY ¥8°00¢€ 916000 £'8001 6£20'C 00'89
Zee'l P0S'T 8EL'T L869'T LE1E°T <0'8C¥ ¥ L6C 696000 00201 LEEO'T 0099
10S°T I9%'1 OTLT 00041 0¥0E'L 19°2C% 60’762 ¥2010°'0 T'IE0L L9981 00'%9
ELY'T o'l ¥89°1 cLoL1 fa T VL LCY 84°06C £€8010°0 CTror 8CL'T 0029
8¥'L L8€°1 099'1 ¥20LT 8¥8C'T £9°9¢¥ 09°48C FFLI00 6TS0L 8189°L 00°09
aCv'l PeE'l 8€9'L Ce0L'T €aLT' L LO9ZY LTHRT 602100 22901 9091 00°8s
SO¥'L ¥ee'l 819°1 SHOL'L 859¢°T VAZTA S 90'18¢ 84T10°0 ¥EL0T T8es'T 009¢
98¢€'L 96¢'L 009'T SS04°T £967°1 €8 ¥y 68'LLT TEET00 CE80T Qcs¥'L 00'%S
6921 01 7861 9021 69T 1 ST¥CP PL¥LZ | STFIO0 | 6'TE0L Pe8e’1 00Ts
250 W1 999’1 T0LL SFAN AN ¥reey ToTLL 60510°0 €011 6L1€°T 0005
6EE'T €7CT 16861 T804 L 08CC'1 69°CCY £6'89¢ S6410°0 S1I11 6C5CT 00'8%
9Ze'l 20T LES'T 6804°T 981CL 6’ ICy L¥'e9¢ £8910°0 90CLL €06T°T 00°9%
PICT 8Ll £eal 96041 Z60T°1 |4 A s 4 €v'29C $8L10°0 g6cll T0ET'L 00'%F
€01 €911 018'L €01LT 66611 8C 0y I¥ 642 88100 T8EIT 0T 00°CF
c6C’l SPL'L 8671 TTILT C06T'L oAl Y 6 1¥99C £6610°0 L9711 9910°L 00°0%
rATAN Lel'l L8VL STILT LIST'T Sg'8LY £r'ese €I1e00 T8SIT 1960 008¢
€LC'L IITT 9% L PCIL L FAVARS S9°LLF 8¥'05¢T 8€TC00 7e9ll SBLI60 00'9¢
G9C'1 S60'L 99%'L 11T €e9l'L (24154 YaLVT L£EZ0°0 ITLIL £9258°0 00%e
ASTAN 080°T 9ct'1 SCTLL 6CSL'T 8L'ST¥ Fat R A €1S20°0 J6LLL £PeIs’0 00°ce
modep ( modep | pmbry | modep | pmbry | .modep | pmbrg (modey) | (pmbry) (ean) 5.

d S/ * 4 /[ DY e e oa.“w_ﬁ .awHWH
‘2/% uww_mxwmw.uu%m Wmebm_m Adyeqaug umoA | Ajisuaq

e Jo santadory srureudpounIayy,




= S5
5 =
@ HIY AHG B4 ‘INNTOA 210346 331 HOA FHY 63NIT NOUYIAZA AJTYHINT ONY SALLNIAOUd D D MOT3S =)
= B, w 080 B o0 Bww opp G gsp D_..
5 : 3 Js ‘FHNAVHIAWIL B7IN8 ABG -
= voapSd of or 9 ot 24 oz ' gL ot ] o o / 0L~ &5
= mgﬁf N ) ~0\ l...lr e s B B I..;:l lll! s W Y - . W o
5 Wm /r./,/ e u - A./. e Ik TR T S i =
o S 1% wrop AR DL EANNEASASNY ISS RN SeNERT = > "%
[ m m C00'0 : rvz_n/ o - g1 e P o
3 2|g rved- I TR AN R U TN ; SN SRES s
> . ngdm./:.r #./ r..il ﬂdfl vAu iy I~ - v._.”. i~ ™ V - <] 4 >
2 m-...sm i + YAENEE T TNRITEDS = = > o
5 ol ST T R SR A e < o &
© 200 P ../.rn.. B B < L] 4 | T R AC] b4 x
o ot BUN SERNERD VBLYRANEANSRNUESAD TN P D %0 $
2 ; E NS SRCSNINNERTINSES \\p , &
00'lw grocd s T [ ) ¥ ]
S&0Y el b S s W Wk d V%) W.m : 2 5
081 - L N2 N TN \ o PR - AN &
sufu: R N dENNERAEN AR NPHiNIDEN A BN & 5y
gom w_.o.:w ™ B JI.L ] h I~ 1A i LT = o o
se0g 7 T TS NP ST A K ...ww.. ”
0203 00398 Oy rm N A TR ] AN & ¥
" E u_eo" \;A " _m\ ] V /(\\ s ..ww
& gpro] LY > r # & b
o KN HPELT P VAo 7 ¢
E d
™ ga'0. swre] = = IJF 4 y
i e LN 7 v St
nn. ﬁ ’ _«Odmy) h ™ I.;:_‘ vﬁl‘_ \. mn x ™ A 3 I_W_
liia s N 1T D4R TN ANTK Y £
nm ] 4 zae] f ¥ 44 s 5 / 9%
= 1 L) /
S 4 tztro N
3| Goso] nd NLYIRCT TN LTI 78 ¢ 4
g P TR LB AN AVaS .
2 B0 o wm - ™ ! \\ [ A %%
= ] eewod A / 4 . - $ 5 13431 vas
= A sevof ||/ N M I TA LY s J8q SZE10'L IUNSSTU DI ANOYVE
. s VA ARNIRINS ) £ E LHVHO OIMLIWOHUHOASH
e 0r'0] 5prd J A IRENVAN :
= 7 100 r 5
5| el A A A
A i S
Il e e e Ty S S
= g0l Sl owREl okL szl 0z1 L




Hd ‘ainssald padnpay

01 60 80 L0 90 SO 78] €0 A 10 00
7 0oE0
fm/
\ \
\ A v 0
SIS
\| N
N //
\ ,
N 060
255 N
e /,r i ~
NN ~
&
N ~
s R EN 09°0
L 34\ ~N .
040
080

060

00’1

14iad = 7z a0yoe) ANiqissaidwon



Saturated Water and Steam (Temperature-based)

(5

Dsat
MPa

Energy, kJ/kg

Enthalpy, kJ /kg

| Entropy, kJ/(kg K)

di

Ug

hy

h

hfy

7

Sg

Sfg

0.01

W oo = Uk W

=
=

12
13
14
15
16
17
18
19
20

21
22
23
24
25
26
27
28
29
30

31
32
33
34
35
36
37
38
39
40

0.0006117
0.0006571
0.0007060
0.0007581
0.0008135
0.0008726
0.0009354
0.0010021
0.0010730
0.0011483
0.0012282

0.0013130
0.0014028
0.0014981
0.0015990
0.0017058
0.0018188
0.0019384
0.0020647
0.0021983
0.0023393

0.0024882
0.0026453
0.0028111
0.0029858
0.0031699
0.0033639
0.0035681
0.0037831
0.0040092
0.0042470

0.0044969
0.0047596
0.0050354
0.0053251
0.0056290
0.0059479
0.0062823
0.0066328
0.0070002
0.0073849

0.00100021
0.00100015
0.00100011
0.00100008
0.00100007
0.00100008
0.00100011
0.00100014
0.00100020
0.00100026
0.00100035

0.00100044
0.00100055
0.00100067
0.00100080
0.00100094
0.00100110
0.00100127
0.00100145
0.00100164
0.00100184

0.00100205
0.00100228
0.00100251
0.00100275
0.00100301
0.00100327
0.00100354
0.00100382
0.00100411
0.00100441

0.00100472
0.00100504
0.00100537
0.00100570
0.00100605
0.00100640
0.00100676
0.00100713
0.00100750
0.00100789

205.991
192.439
179.758
168.008
157.116
147.011
137.633
128.923
120.829
113.304
106.303

99.787
93.719
88.064
82.793
T77.875
73.286
69.001
64.998
61.256
97.757

54.483
51.418
48.548
45.858
43.337
40.973
38.754
36.672
34.716
32.878

31.151
29.526
27.998
26.560
25.205
23.929
22.727
21.593
20.524
19.515

0
4.18
8.39
12.60
16.81
21.02
25.22
29.43
33.63
37.82
42.02

46.22
50.41
54.60
58.79
62.98
67.17
71.36
75.04
79.73
83.91

88.10

92.28

96.46

100.65
104.83
109.01
113.19
117.37
121.55
125.73

129.91
134.09
138.26
142.44
146.62
150.80
154.98
159.16
163.34

167.52

2374.9
2376.2
2377.7
2379.0
2380.4
2381.8
2383.2
2384.5
2386.0
2387.3
2388.6

2390.0
2391.4
2392.8
2394.1
2395.5
2396.9
2398.2
2399.6
2400.9
2402.3

2403.7
2405.1
2406.4
2407.8
2409.1
2410.5
2411.8
2413.2
2414.5
2415.9

2417.2
2418.7
2420.0
2421.4
2422.6
2424.0
2425.3
2426.7
2428.0
2429.4

0.00

4.18

8.39

12.60
16.81
21.02
25.22
29.43
33.63
37.82
42.02

46.22
50.41
94.60
58.79
62.98
67.17
71.36
75.54
79.73
83.91

88.10
92.28
96.46
100.65
104.83
109.01
113.19
117.37
121.55
125.73

129.91
134.09
138.27
142.45
146.63
150.81
154.99
159.17
163.35
167.53

]
2500.9
2502.7
2504.6
2506.4
2508.2
2510.1
2511.9
2513.7
2515.6
2517.4
2519.2

2521.0
2522.9
2524.7
2526.5
2528.3
2530.2
2532.0
2533.8
2535.6
2537.4

2539.3
2541.1
2542.9
2544.7
2546.5
2548.3
2550.1
2531.9
2553.7
2555.5

2557.3
2559.2
2561.0
2562.8
2564.5
2566.3
2568.1
2569.9
2571.7
2573.5

2500.9
2498.6
2496.2
2493.8
2491.4
2489.0
2486.7
2484.3
2481.9
2479.6
2477.2

2474.8
2472.5
24701
2467.7
2465.4
2463.0
2460.6
2458.3
2455.9
2453.5

2451.2
2448.8
2446.4
2444.0
2441.7
2439.3
2436.9
2434.6
2432.2
2429.8

2427.4
2425.1
2422.7
2420.3
2417.9
2415.5
2413.1
2410.8
2408.4
2406.0

0
0.01526
0.03061
0.04589
0.06110
0.07625
0.09134
0.10637
0.12133
0.13624
0.15109

0.16587
0.18061
0.19528
0.20990
(.22446
0.23897
0.25343
0.26783
0.28218
0.29648

0.31073
0.32493
0.33908
0.35318
0.36722
0.38123
0.39518
0.40908
0.42294
0.43675

0.45052
0.46424
0.47792
0.49155
0.50513
0.51867
0.53217
0.54562
0.55903
0.57240

9.1555
9.1291
9.1027
9.0765
9.0505
9.0248
8.9993
8.9741
8.9491
8.9243
8.8998

8.8754
8.8513
8.8274
8.8037
8.7803
8.7570
8.7339
8.7111
8.6884
8.6660

8.6437
8.6217
8.5998
8.5781
8.5566
8.5353
8.5142
8.4933
8.4725
8.4520

8.4316
8.4113
8.3913
8.3714
8.3517
8.3321
8.3127
8.2935
8.2745
8.2555

9.1555
9.1138
9.0720
9.0306
8.9894
8.9486
8.9080
8.8677
8.8278
8.7831
8.7487

8.7096
8.6707
8.6321
8.5938
8.5558
8.5180
8.4805
8.4433
8.4063
8.3695

8.3330
8.2967
8.2607
8.2250
8.1894
8.1541
8.1191
8.0842
8.0496
8.0152

7.9810
7.9471
7.9134
7.8799
7.8466
7.8135
7.7806
7.7479
7.7154
7.6831
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Saturated Water and Steam (Pressure-based), Contd.

MPa

Tsa.t
°C

Volume, m® /kg

Energy, kJ/kg| Enthalpy, kJ/kg

Entropy, kJ/(kg K)

Lt

g

L

Ug hy hg htg

=7

Sg

Sfg

0.40
0.42
0.44
0.46
0.48
0.50
0.52
0.54
0.56
0.58
0.60

0.62
0.64
0.66
0.68
0.70
0.72
0.74
0.76
0.78
0.80

0.82
0.84
0.86
0.88
0.90
0.92
0.94
0.96
0.98
1.00

1.05
1.10
1.15
1.20
1.25
1.30
1.35
1.40
1.45
1.50

143.608
145.375
147.076
148.716
150.300
151.831
153.314
154.753
156.149
157.506
158.826

160.112
161.365
162.587
163.781
164.946
166.086
167.200
168.291
169.360
170.406

171.433
172.440
173.428
174.398
175.350
176.287
177.207
178.112
179.002
179.878

182.009
184.062
186.043
187.957
189.809
191.605
193.347
195.039
196.685
198.287

0.00108355
0.00108544
0.00108729
0.00108908
0.00109084
0.00109255
0.00109423
0.00109587
0.00109748
0.00109905
0.00110060

0.00110212
0.00110362
0.00110509
0.00110654
0.00110796
0.00110936
0.00111075
0.00111211
0.00111346
0.00111478

0.00111609
0.00111739
0.00111867
0.00111993
0.00112118
0.00112242
0.00112364
0.00112485
0.00112605
0.00112723

0.00113014
0.00113299
0.00113577
0.00113850
0.00114118
0.00114380
0.00114638
0.00114892
0.00115141
0.00115387

0.46238
0.44165
0.42274
0.40542
0.38950
0.37481
0.36120
0.34858
0.33682
0.32585
0.31558

0.30596
0.29691
0.28840
0.28036
0.27277
0.26559
0.25879
0.25233
0.24618
0.24034

0.23477
0.22946
(0.22438
0.21953
0.21489
0.21044
0.20617
0.20208
0.19814
0.19436

0.18552
0.17745
0.17006
0.16326
0.15699
0.15119
0.14580
0.14078
0.13609
0.13171

604.22
611.79
619.10
626.14
632.95
639.54
645.93
652.13
658.16
664.01
669.72

675.28
680.70
686.00
691.17
696.22
701.17
706.02
710.76
715.41
719.97

724.44
728.84
733.15
737.38
741.55
745.65
749.67
753.64
757.55
761.39

770.75
779.78
788.51
796.96
805.15
813.11
820.84
828.36
835.68
842.83

2553.1|604.65|2738.1|2133.4
2554.8 [612.25 (2740.3 | 2128.0
2556.4 [619.58(2742.42122.8
2557.9|626.64|2744.4)|2117.7
2559.3 |633.47 (2746.3 | 2112.8
2560.7 |640.09 |2748.1 | 2108.0
2562.1 [646.50 1 2749.9 | 2103.4
2563.3 | 652.72|2751.5|2098.8
2564.5 |658.77|2753.1|2094.4
2565.7 [664.65 | 2754.7 | 2090.0
2566.8 1670.38|2756.1 | 2085.8

2567.9 |675.96{2757.6 | 2081.6
2568.9 |681.41|2758.9(2077.5
2570.0 1686.73|2760.3 | 2073.5
2570.9 |1691.92|2761.5 | 2069.6
2571.9 (697.00(2762.8 | 2065.8
2572.7(701.97]2763.9|2062.0
2573.6 | 706.84|2765.1)2058.2
2574.4 |711.61 |2766.2 | 2054.6
2575.3 |716.28|2767.3 | 2051.0
2576.01720.86|2768.3 |2047.4

2576.8|725.36 | 2769.3 | 2043.9
2577.6|729.78 | 2770.3 | 2040.5
2578.2|734.11|2771.2 | 2037.1
2578.9 | 738.37(2772.1|2033.8
2579.6 |742.56 |2773.0|2030.5
2580.3 | 746.682773.92027.2
2580.9(750.73|2774.712024.0
2581.5 | 754.72|2775.5|2020.8
2582.1|758.65|2776.3|2017.7
2582.7 |762.52 |2777.1|2014.6

2584.1|771.94|2778.9|2007.0
2585.4 | 781.03 |2780.6 | 1999.6
2586.6 | 789.82 |2782.2|1992.4
2587.8 | 798.33 | 2783.7|1985.4
2588.9|806.58 | 2785.1|1978.6
2590.0 | 814.60|2786.5|1971.9
2590.9 (822.39(2787.7|1965.3
2591.7|829.97|2788.8|1958.9
2592.6 |837.35(2789.9|1952.6
2593.4 | 844.56|2791.0|1946.4

1.7765
1.7946
1.8120
1.8287
1.8448
1.8604
1.8754
1.8899
1.9040
1.9176
1.9308

1.9437
1.9562
1.9684
1.9802
1.9918
2.0031
2.0141
2.0248
2.0354
2.0457

2.0557
2.0656
2.0753
2.0847
2.0940
2.1032
2.1121
2.1209
2.1296
2.1381

2.1587
2.1785
2.1976
2.2159
2.2337
2.2508
2.2674
2.2835
2.2992
2.3143

6.8955
6.8791
6.8636
6.8487
6.8344
6.8207
6.8075
6.7948
6.7825
6.7707
6.7592

6.7482
6.7374
6.7270
6.7169
6.7071
6.6975
6.6882
6.6791
6.6703
6.6616

6.6532
6.6449
6.6369
6.6290
6.6213
6.6137
6.6063
6.5991
6.5920
6.5850

6.5681
6.5520
6.5365
6.5217
6.5074
6.4936
6.4803
6.4675
6.4550
6.4430

5.1190
5.0846
5.0516
5.0199
4.9895
4.9603
4.9321
4.9049
4.8786
4,8531
4.8284

4.8045
4.7813
4.7587
4.7367
4.7153
4.6944
4.6741
4.6543
4.6349
4.6160

4.5975
4.5793
4.5616
4.5443
4.5272
4.5106
4.4942
4.4782
4.4624
4.4470

4.4095
4.3735
4.3390
4.3058
4.2737
4.2428
4.2129
4.1839
4.1559
4.1286
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Water/Steam at p = 0.60 MPa (T, = 158.826°C)

T v U h s T v (73 h 8
°C m?/kg | kJ/kg|kJ/kg |kJ/kg K °C | m®/kg | kJ/kg [ kJ/kg |kJ/kg K
L0 0.00099990| -0.03 | 0.57 |-0.00011 270 |0.41021|2753.412999.5| 7.2619
| 5 0.00099979| 21.02 | 21.62 | 0.07624 280 10.41831)|2769.3|3020.3| 7.3000
10 {0.00100006| 42.01 | 42.61 | 0.15103 290 10.42638|2785.4|3041.2, 7.3373
15 |0.00100067 | 62.95 | 63.55 | 0.22437 300 {0.43442 |2801.3|3062.0| 7.3740
20  {0.00100157| 83.88 | 84.48 | 0.29636 310 {0.44243 (2817.3|3082.8 | 7.4100
25 10.00100273|104.78|105.38| 0.36707 320 10.45042|2833.3|3103.6| 7.4453
30 0.00100415]125.68|126.28 | 0.43657 330 [0.45839 (2849.4|3124.4| 7.4801
35 [0.00100578|146.57|147.17 | 0.50492 340 |0.46634 | 2865.5(3145.3| 7.5144
40 10.00100762|167.46 |168.06| 0.57217 350 |0.47427|2881.5|3166.1| 7.5481
45 |0.00100966 | 188.34 | 188.95| 0.63836 360 |0.48219|2897.7|3187.0| 7.5813
50 [0.00101189|209.24|209.85| 0.70354 370 10.49010]2913.8{3207.9| 7.6141
55 |0.00101429|230.14|230.75| 0.76773 380 10.4979912930.0|3228.8| 7.6464
60 |0.00101687 |251.06|251.67 | 0.83098 390 |0.50587|2946.3|3249.8| 7.6782
65 10.00101961 [271.981272.59 | 0.89333 400 |0.51374|2962.6|3270.8| 7.7097
70 [0.00102251|292.92|293.53 | 0.95479 410 |0.52160)2978.8|3291.8| 7.7407
75 |0.00102557 |313.86|314.48| 1.0154 420 10.52945|2995.23312.9| 7.7713
80 |0.00102879|334.83|335.45| 1.0752 430 |0.53729|3011.63334.0| 7.8016
85 0.00103217|355.82|356.44| 1.1342 440 |0.54513|3028.1|3355.2| 7.8315
90 0.00103569 | 376.83|377.45| 1.1925 450 |0.55296 |3044.7 | 3376.5| 7.8611
95 [0.00103937|397.86|398.48| 1.2500 460 | 0.56078|3061.2 (3397.7| 7.8903
100 |0.00104321|418.91|419.54| 1.3068 470 |0.56859|3077.9|3419.1| 7.9192
105 |0.00104719|440.00440.63| 1.3630 480 |0.57640 [3094.7|3440.5| 7.9478
110 |0.00105134 |461.12(461.75| 1.4184 490 |10.5842013111.4|3461.9| 7.9761
115 |0.00105564 |482.271482.90| 1.4733 500 [0.59200(3128.2|3483.4| 8.0041
120 (0.00106010|503.45(504.09| 1.5275 520 (0.60758|3162.1|3526.6| 8.0592
125 [0.00106472|524.69|525.33| 1.5812 540 [0.62315(3196.1|3570.0| 8.1132
130 |0.00106951 | 545.97 | 546.61| 1.6343 960 [0.63870|3230.4|3613.6| 8.1663
135 |0.00107447 | 567.29 [567.93| 1.6869 580 |0.654243265.0 | 3657.5| 8.2183
140 |0.00107961 |588.67 1 589.32| 1.7390 600 | 0.66976 (3299.8|3701.7| 8.2695
145 |0.00108492 (610.11610.76| 1.7905 620 [0.6852813334.9|3746.1| 8.3198
150 |0.00109042 |631.61 |632.26| 1.8417 640 10.700783370.3|3790.8| 8.3693
1556 |0.00109611 (653.16 |653.82| 1.8923 660 [0.716283405.9|3835.7| 8.4180
158.826 | 0.00110060 | 669.72 | 670.38 | 1.9308 680 |10.73176{3441.8|3880.9| 8.4659
158.826| 0.31558 |2566.8|2756.1| 6.7592 700 (0.74725]3478.0|3926.4| 8.5131
160 0.31668 |2569.012759.0| 6.7659 720 (0.76272|3514.6|3972.2| 8.5597
165 0.32129 |2578.3|2771.1 6.7937 740 [0.77819|3551.3|4018.2| 8.6056
170 0.32583 |2587.5|2783.0| 6.8206 760 [0.79365 | 3588.3|4064.5| 8.6508
175 0.33032 |2596.42794.6| 6.8466 780 |0.809113625.6|4111.1| 8.6954
180 0.33475 |2605.1|2806.0| 6.8720 800 |0.82457{3663.2 |4157.9| 8.7395
185 0.33915 |2613.8|2817.3| 6.8968 820 |0.84002|3701.0(4205.0| 8.7830
190 0.34350 |2622.4[2828.5| 6.9211 840 |0.85547 [3739.1|4252.4| 8.8260
195 0.34783 |2630.9|2839.6| 6.9449 860 |0.87091 [3777.6|4300.1| 8.8684
200 0.35212 |2639.3;2850.6| 6.9683 880 |0.88635|3816.2(4348.0| 8.9103
210 0.36063 |2656.0(2872.4| 7.0139 900 |0.90178|3855.1 (4396.2| 8.9518
| 220 0.36905 |2672.5(2893.9| 7.0580 920 |0.91722 (3894.4|4444.7| 8.9927
| 230 (0.37740 |2688.9(2915.3| 7.1008 940 0.93265(3933.8|4493.4| 9.0332
240 0.38568 |2705.1[2936.5| 7.1426 960 |0.94808)|3973.6|4542.4| 9.0733
250 0.39390 |2721.3|2957.6| 7.1832 980 |0.96351 (4013.5|4591.6| 9.1129
260 0.40208 |2737.3|2978.5| 7.2230 1000|0.97893 | 4053.7 | 4641.1 | 9.1521
270 0.41021 |2753.4(2999.5| 7.2619
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