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Section A : Thermodynamics

Qa)

(b)

A piston cylinder device with air undergoes an expansion process for which pressure
and volume are related as given below: ’

sy(m) | 01 |01043671| 01096

100 | 95° |895833

- Calculate the length of cylinder if mean effective pressure is 80 kPa and bore diameter

is 200 mm. ,
[12 marks]

The interior lighting of refrigerator is provided by incandescent lamps whose
switches are actuated by the opening of the refrigerator door (30 times per day for an

. average 40 seconds). Consider a refrigerator whose 39 W light bulb remains ON

©

(d)

. Q2 ()

continuously as a result of a malfunction of the switch. If the refrigerator has a
coefficient of performance of 1.3 and the cost of electricity is ¥ 5 per kWh, calculate
the increase in the energy consumption of the refrigerater and its cost per year if the
Ifunctioni f switch is not ired or fixed. -
malfunctioning of switch is not repaired or fixed. # | pEy.qFy

o [12 inarks]

A mixture of 60% CH , and 40% C,H; by volume is compressed isentropically from
40°C, 0.4 x 10°N/m? to 1.2 x 10° N/m? in compressor. Find the final temperature of
the mixture, the work required per unit mass assuming ideal gas behaviour with
constant specific heats. Take specific heat at constant pressure(c,) for CH, and C,H,
are 36 and 75 kJ/kmol-K respectively.

[12 marks]

Explain the ‘equivalence of the Clausius and Kelvin-Plank statements by showing
diagram that violation of Clausius statements leads to the violation of Kelvin-Plank
statement too and vice-versa.

[12 marks]

Explain-Perpetual motion machine of first kind (PMM1), second kind (PMM2) and
third kind (PMM3).
[12 marks]

A tank containing 40 kg of liqﬁid water initially at 50°C has one inlet and one exit
with equal mass flow rates. Liquid water enters at 50°C and a mass flow rate ot
250 kg/h. A cooling coil immersed in the water removes energy at a rate of 7.5 kW.

The water is well mixed by a paddle wheel so that the water temperature is uniform
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throughout. The power input to the water from the paddle wheel is 0.5 kW. The
pressure at inlet and exit are equal and all kinetic and potential energy change can
be ign\oréd.De,tefmine and plot the variation of water temperature with time.
- (Specific heat of water, ¢ = 4.2 kJ/kgK)

[20 marks]

(b) () Water, initially a saturated liquid at 150°C, is contained within a piston-cylinder
assembly. The water undergoes a process to the corresponding saturated vapor
state, during which the piston moves freely in the cylinder. There is no heat transfer
with the surroundings. If the change of state is brought about by the action of a
paddle wheel, determine the net work per unit niass and the amount of entropy

produced per unit mass. Process is shown on the given diagram.

P

—dr
v ‘
Usé the following table:
Specific volume | Internal Energy Enthalpy Entropy
Temp. | Sat.’ (m/kg) Q/kg) - (J/ke) (kJ/kgK)
- T(°Q) press., Sat. ~Sat. _Sx’. ‘| Evap, Sat. Evap. Sat. ~ | Evap,,
P (kPa) |. liquid, | vapour, | liquid, "y liquid, hg, liquid, St
5| T s RO R et By 5
150 476.16 0.001091 | 0.39248 631.66 | 19274 632.18 2113.8 1.8418 | 4.9953
. 145 415.68 0.001085 I 0.44600 610.19 | 1944.2 610.64 21292 1.7908 5.091§
i
[6 marks]

~ (ii) A rigid tank, contains 5 kg of refrigerant 134a initially at 20°C and 140 kPa. The
refrigerant is now cooled while being stirred until its pressure drops to 100 kPa.
Determine the entropy change of the refrigerant during this process.
Note: At P, = 140 kPa, T, = 20°C; v; = 0.16544 m3/l<g; s; =1.0624 kJ/kgK _
m3/kg; v, = 0.19254 m3/kg ; 5= 0.07188 kJ /kgK; -

At P, =100 kPa; (I 0.0007259
o= 0.87995 kJ / kgK

5f

[6 marks] -
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(iiif) Which is the more effective way to increase the efficiency of a Carnot engine, to
increase T, keeping T, constant or to decrease T,, keeping T, constant and also
show it mathematically? [Assume, T, > T,

[8 marks]

(© A tank having a volume of 0.85 m? initially contains water as a two-phase liquid-
vapour mixture at 260°C and a quality of 0.7. Saturated water vapour at 260°C is
slowly withdrawn through a pressure-regulating valve at the top of the tank as energy
is transferred by heat to maintain the pressure constant in the tank. This continues
until the tank is filled with saturated vapor at 260°C. Determine the amount of heat
transfer. Neglect all kinetic and potential energy effects.

AtP=4.8MPa, T, =260°C, u,=1128.4 K]/ kg, u = 2599.0 k] / kg, v,= 0.0012755 m?/kg,
. U= 004221 m3/kg, h, =2796.6 k] /kg
' » [20 marks]

Q.3 (a) Argon enters an insulated turbine operating at steady state, at 1000°C and 2 MPa and
exhausts at 350 kPa. The mass flow rate is 0.5 kg/s and the turbine deVelops power at
the rate of 120 kW. Determine:

1. the temperature of the argon at the turbine exit,

2. the irreversibilityi of the turbine,

3. the second law efficiency. :
Neglect K.E. and P.E. eff@ts. Take T, = 20°C, P, = 1 bar.
(The value of y=1.67 and ¢, = 0.52 k]/kgK)

4

, [20 marks]’

(b) A vertical 12 cm diameter piston cylinder device contains an ideal gas at the
ambient conditions of 1 bar and 24°C. Initially, the inner face of the piston is

20 cm-from the base of the cylinder. Now an external shaft connected to the
piston exerts a force corresponding to a boundary work input of 0.1 kJ. The

temperature of the gas remains constant during the process. Determine:
1. the amount of heat transfer '

2. the final pressure in the cylinder, and
3. thé distance that the piston is displaced
State the suitable assumptions, if any.
- - : [20 marks]

() An ideal gas cycle consists of three reversible processes in the foliowing sequence
* Constant volume heat addition
* Iseritropic expansi(il-l'it'o-’. r’ times the initial volume.
- *» Constant pressure process.

ocopyick INRDE ERSY - ) | www.madeeasy.in
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1. Sketch the cycle on the P-V and T-s diagrams.
o2 Determine the expression of the efficiency of the cycle in terms of 7 and v,
where v is adiabatic index.
Ifr=7andy=14, evaluate the efficiency of cycle.

. ‘ [20 marks]

v

0.4 (@) (i) Air at 10°C and 80 kPa enters the diffuser of a jet engine with a velocity of
200 m/s. The inlet area of the dlffuser is 0.4 m?2. The air leaves the diffuser with a
velocity that is very small compared with the inlet velocity. Determine:

1. mass flow rate of the air ,
2. the temperature of the air leaving the diffuser. (State the assumptions also.)

Use the following table:
(S AT
- T 280 280
283 283
295 295
303 303

K [8 marks]

(ii) A rigid tank is divided into two equal parts by a partition. Imtlally, one side of
the tank cont%u_ns 5 kg of water at 200 kPa and 25°C, and th&_other side is evacuated.
The partition is then removed, and the water expands into the entire tank. The
water is allowed to ekchange heat with its surroundings until the temperature in
the tank returns to the initial value of 25°C. Determine:

1. the volume of the tank.
2. - the final pressure.
3. the heat transfer for this process. -
At (Pg,,)p5c = 3.1698 KkPa, T, = 25°C, U= 0.001 m3/kg, v, = 43.340 m*/kg,
Up= 104.83 kJ / kg, Up = 2304.3 kJ/kg
) [12 marks]

(b) Compressed air is used to expel the liquid propellent from the propellent-tank as
shown below. The initial pressure of the aif is 200 bar. The propellant has a density
of 1.12 gm/cc and the propellant tank i?'fillecl to capacity and contains 900 kg of
propellent. The pfc)pellant Jeaves at a constant pressure of 200 N/cm? (20 bar).
Considering the air as the system, determine the work done by the air in forcing the

_ propellant from the propellant tank and the volume of compressed air tank necessary
to pump all the fuel in the rocket.

ocopyiort INADE EQRSY . o - www.madeeasy.in
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Throttle valve

Propellant tank

N L.
d —
Coar?rp res]se Rocket engine (20 bar) .
(200 bar) M

[20 marks]

() A5 kgblock initially at 350°C is quenched in an insulated tank that contains 100 kg
of water at 30°C. Assﬁmjng the water that vaporizes during the process condenses
back in the tank and the Vsurroundings are at 20°C and 100 kPa, Determine: |
1. the final equilibrium temperature. =
2. the exergy of the combined system at the initial and the final states,

3. the wasted work potential during this process.
Given: Specific heat of block, ¢, , = 0.45 k] /kgK, c

ren water

= 4.18 kJ/kgK o
[20 marks]

Section B : Refrigeration and Air Conditioning
y .

Q, (e{) Whag are the serious practical difficulties encountered in the application of reversed
Carnot cycle with vapour as a refrigerant? Explain briefly.
Also mention drawbacks of reversed Carnot cycle with gas as a refrigerant.

I . [12 marks]
(b) Consider a reverse Carnot cycle with gas as a refrigerant. Prove that COP of the

1 ,
refrigerator is ;{__1—1 where, r - Compression ratio, y - Air adiabatic index. Also

draw T-s and P-V diagram.
: ".[12 marks]

() In an absorption type refrigerator, the heat is supplied to NH, generator Ey
condensing steam at 2 bar and 90% dry. The temperature to be maintained in the
o, - refrigerator is ~5°C. The temperature of the atmosphere is 30°C. Find thé maximum
COP possibie of the refrigerator. If the refrigeration load is 20 tons and actual COP is
70% of maximum COP. Find the-mass of steam required per hour.
At P =2bar, T, =119.62°C, h = 2200 kJ/kg B
" -[12 marks]. -

oCopyighWfMIRDE ENSY ’ ’ ’ " . wwwmadeeasy.in
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(d) Two-cylinder reciprocating compressor is designed for 7.5 tons refrigeration capacity
at 5°C evaporator and 40°C condenser temperatures. The clearance is 5% of stroke

.and mean piston speed is limited to 3 m/s. Take % =0.8 and compression follows

the law PV!1® = Constant. Pressure drops at suction and dis'charge valves may be

taken as 0.2 bar and 0.4 bar, respectively. Determine rpm of the compressor and its
- dimensions.

Given: v, =0.0525 m3/kg, Mass flow rate = 0.207 kg/s

e
)

s 4
‘ _ [12 marks]

(e) Five grams of water vapour per kg of atmospheric air is removed and temperature
a - ofairafter removing the water vapour becomes 25°C DBT. Determine:
- 1. Relative humidity

2. Dew point temperature
3. Degree of saturation .
Assume condition of atmospheric air is 35°C and 60% RH and pressure is 1.013 bar.

Pressure (kPa) |- Temperature (°C)
i ' 2.61 22
2.8105 23
3.1693 25
5.6280 - " 35

[12 marks]

Qb (@) The air-conditioning unit of a pressurised jet aircraft receives its air from the

h SR compressor driven by the engine at a pressure of 1.4 bar. The pressure and
temperature of the surrounding air at the height of the aircraft are 6.2 bar and 225 K,

.. respectively. The air conditioning unit consists of a secondary compressor and a

turbine mounted on the same shaft. The pressure and temperature of air leaving the

= turbine are 1 bar and 275 K. Calculate the pressure after the secondary compressor

©Copwith:ﬁnDE ERgY www.madeeasy.in,




‘and temperature of air at the exit from the cooler. Assume that all processes are
reversible adiabatic.

[20 marks]

(b) Saturated NH, at 2.3637 bar enters a 15 cm x 14 cm (bore X stroke) twin cylinder,
single action compressor whose volumetric efficiency is 79% and speed is 250 rpm.
The head pressufe is 11.671 bar. Liquid NH, at 21°C enters the expansion valve for
ideal vapour compression refrigeration cycle. Determine: '

1. the NH, circulated in kg/min ’
2. the tons of refrigeration B
3. the COP of refrigerating cycle.

P (bar) | T (C) | v, (m/kg) | Iy (KI/kg) | 1, (I/ke)| 5, (<I/kgK) | 5, (KI/kgK) | 0 (KI/kg ) | e, (T/KEX)
23637 | <15 | 050905 | 13128 | 144419 | 07424 5.8285 4528 2442
11671 | 30 | 011048 | 34208 | 148593 | 14892 5.2623 4.843 3.252

. . . [20 marks]

() (i) Explain the basic principle of vapour absorption refrigeration system with the
| help of schematic diagram. Also explain functions of those devices which replace
COMpressor.

, C ‘ Il4 marks]

(ii) Explain working principle of electrolux refrigeration system. % -
I [6 marks]

Q.7 (@) A building has-the following calculated cooling loads:
RSH gain =310 kW, RLH gain =100 kW,
The space is maintained at the following conditions:
Room DBT = 25°C, Room RH=50%
Outdoor air is at 38°C and 50% RH and 10% by mass of air supplied to the building
is outdoor air. If the air supplied to the space is not to be at a temperature lower than
18°C, find:
1. Minimum amount of air supplied to space in m3/s.
2. Volume flow rates of return (recirculated room) air, exhaust air and outdoor air.
3. Volume flow rate of air entering the cooling coil. o

4. Refrigeration capacity , ADP and BPF. ,
) [20 marks]

ocorvion MADE ERSH | wnmadoossy

T

8 | ESE2019: MAINS TEST SERIES - - - MADE ERSY

PP N

oS

e s T




VAR R R M R e s s

g:i:

MADE EASY Fest No i 1

MECHANICAL ENGINEERING I 9

(b}

o

Explain the winter air conditioning system by showing all the processes on

psychrometric chart. »
[20 marks]

An open cycle air-refrigeration system working between 1 bar and 12 bar produces
25 tons of refrigeration. The temperature of air leaving the cooler is 298 K and its
temperature leaving the evaporator is 273K. Assuming the expansion and
compression follow the law PV'% = C and PV'? = C respectively. Determine:

1. Mass of the air circulated per minute.

2. COP of the system

3. kW power per ton of refrigeration.

4. The compressor and expander pistonri displacements

Q.8 (a)

Neglect the clearance. [Take c;, of air as 1 k] /kgK] o
‘ [20 marks]

90 m® of air per minute at 5°C DBT and 2.5°C WBT is passed through a heating coil
which gives 40.7 kW energy to the air. Saturated steam at 110°C with a rate of 40 kg/hr

. is mixed with the air leaving the heater. Determine DBT.and WBT of the air after

mixing with the steam. Take enthalpy of saturated steam at 110°C = 2691 kJ /kg.
Use the following table:

; T (0 25 5
' P (kPa) | 073 | 0.874

[Pt —(va)WBT][TDB _TW'B]
(P vs )I/VBT -
Y 1547 —1.44Tyyp
P, - Vapour pressure at DBT.
(P, )wsr - Vapour saturation pressure at WBT.
P, - Total atmospheric pressure of air.
T} - Dry bulb temperature (in °C)

D
T, - Wet bulb temperature (in °C)

kS
Given: P, =

[20 marks]

(b) (i) Gasatlbaris compressed adlabatlcally from3.157 m®to 1 m3i m a rec1procat1ng

compressor with 8 percent clearance. If the exponent ofithe re-expansion curve is
changes fromi 1.4 to 1.1, then find the percentage change in volumetric efficiency
keeping the pressure ratio same. §

- - ) [8 marks]

A ©C0pyrighﬁ~mnDE ERnsY o s . . WWw.madeeasy.in
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(i) Explain the various important properties of refrigerant required for the vapour
compression refrigeration system. Also explain why use of isentropic expander
is economically not feasible in VCRS.

[12 marks]

() Explain the construction and working of vortex tube with a suitable schematic
diagram. -Also draw T-s diagram and mention points clearly. )

P I ) : . ' [20 marks]

Q000
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Detailed Solutions

ESE-2019 Mechanical Engineering
Mains Test Series TestNo: 1

Section A : Thermodynamics

Q.1 (a) Solution:
For polytropic index:

ln(ﬂ) 1n(100)
5 95

n = =12
ln(ﬁ ) 1n(0.1043671)

Vi 0.1
PV PV,
Workdone = % =(0.90835 k]
Now, Workdone = (Mean effective pressure) x (Swept volume)

0.90835 = 80><z>< d2xL

090835 = 80><g><0.22><L

L = 0361 m
L = 361 mm
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Q.1 (b) Solution:

(i) Assume no heat transfer through walls of refrigerator.

(ii) The life of the light bulb is more than 1 year.

Work input to refrigerator,

Qref 39
W= ——=—7=30W
ref cor 13

Therefore, the total power consumed by the refrigerator because of bulb,

W

total

= I/Vlight + Wrefrig. =39+30=69W

Now, total number of hours in a years,

365(‘15‘5’S ]><24( h ] = 8760 h/yr

Annual hours

year day
times s 1h days
Now, normal operating hours = (30 day JX(4O PrI )X( 36005 }{365 year ]
= 121.67h/yr

Then additional hour light remains ON as a result of the malfunction becomes,
Additional operating hours = Annual hours - Normal operating hours
= 8760 - 121.67 = 8638.33 h/year

Now, additional electric power consumption = W, . x (additional operating hours)

total

= (0.069 kW) x (8638.33) h/year
= 596.045 kWh/yr

Additional power cost = (Additional power consumption) x (unit cost)
= 596.045 x 5 =% 2980.225 /year

Q.1 (c) Solution:
The specific heat of mixture,Cp = 0.6 x 36 + 0.4 x 75
= 51.6 kJ/kmol-K

Now, C, = Cp-R=51.6-8.314

43.286 kJ /kmol-K
The molecular weight of the mixture,
W = 06x16+04x44

m

ocopyright: [MADE ERASY www.madeeasy.in
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= 27.2 kg/kmol
Cp
Now, = =—=1.192

ow Ym CV

-1

Lo (RY" i _ (3)0192/1192

h P,

T, = 373.59 K

Work required per unit mass, W= Cp(T, - T)
4%

51.6 x (373.59 - 313) = 3126.444 kJ /kmol

3126.444
27.2

W (KJ/ kg) =114.943 k] / kg

Q.1 (d) Solution:

1. Letus first consider a cyclic heat pump P which transfers heat from a low temperature
reservoir (t,) to a high temperature reservoir(t,) with not other effect, i.e., with no
expenditure of work, violating Clausius statement.

‘ Hot reservoir at ¢, ‘

Q o
W=0----- > @ (::} —>Wnet=Q1_Q
P E :

Q Q,

‘ Cold reservoir at t, ‘

Violation of the Clausius statement

Let us assume a cyclic heat engine E operating between the same thermal energy
reservoirs, producing W__. in one cycle. The rate of working of the heat engine is
such that it draws an amount of heat Q, from the hot reservoir equal to that discharged
by the heat pump. Then the hot reservoir may be eliminated and the heat Q,
discharged by the heat pump is fed to the heat engine. So we can see that the heat
pump P and the heat engine E acting together constitute a heat engine operating in
cycles and producing net work while exchanging heat only with one body at a single
fixed temperature (t,). This violates the Kelvin-Planck statement.

2. Let us now consider a perpetual motion machine of the second kind (E) which

produces net work in cycle by exchanging heat with only one thermal energy reservoir
(at ;) and thus violates the Kelvin-Planck statement.

ocopyright: [MADE ERSY www.madeeasy.in
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| : |

Q, Q+Q,
W=Q
P @) @)
P
\ Q,=0 Q,

| -

Violation of the Kelvin-Planck statement

Let us assume a cyclic heat pump P extracting heat Q, from a low temperature
reservoir at t, and discharging heat to the high temperature reservoir at ¢, with the
expenditure of work W equal to what the PMM2 delivers in a complete cycle. So E
and P together constitute a heat pump working in cycle and producing the sole
effect of transferring heat from a lower to a higher temperature body, thus violating
the Clausius statement.

Q.1 (e) Solution:

PMM1: An imaginary device which would produce work continuously without
absorbing any energy from its surrounding is called a perpetual motion machine of first
kind (PMM1)

_>W

PMM2: Second law of thermodynamics restrict the thermal efficiency of a heat engine to
less than one. It stipulates that some portion of the energy absorbs as heat from a source
must always be rejected to a low temperature sink.

So, PMM2 violates this second law of thermodynamics. It is a device which would
perform solely by absorbing energy as heat from a body without rejecting any heat to
low temperature.

Source

Q

ocopyright: [MADE ERASY www.madeeasy.in
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PMM3: It is impossible to construct a device which runs completely in the absence of
friction.

Q.2 (a) Solution:
Assumptions:
(i) Heat transfer through tank walls is neglected.

(i) The water in tank is incompressible and there is no change in pressure at inlet and
exit.

(iii) Change in kinetic and potential energy is neglected.
(iv) Temperature of water in the tank is uniform.

The energy rate balance,

du . 2 _ 02
d;v = Q—ch-i-?’i’l(hl—h2)+m@+mg(21—22)
cdT . . )
mcv? = Q_WCU +m(h1 —hZ) (1)

Now enthalpy change, i, -1, = (ug—uy)+v(P,—P)
hy=hy = ¢(T;-T)

Since the water is well mixed, the temperature at the exit equal the temperature of the
overall quantity of liquid in the tank. So,

h-hy, = (T, - T) .. (i)

where, T — The uniform water temperature at time, f from equation (i),

dT (QCU_WCU)+ m (

L T. —T
7 o " 1-T) ..(1ii)
dT -
Q. -W 1 B
( co co + (Tl—T)
Mgy € My
1. in| 8o = Wey 11 (T, -T)| =t+¢
(_ i ) My C My
mC'U

ocopyright: [MADE ERSY www.madeeasy.in
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where, ¢, is constant.

Now,

o i,

ch_wcv+ m Ty - m o _ cpe Mew

Mgy - C Mey My
i ; .
T -W
T = —c¢ 0 e Mteo +(ch - = )+T (IV)
mc

Now boundary condition, att = 0, T=T,

€y =

Now putting value in equation (iv),

—11

. . ¢ . .
T = - ch _ch xmcv eMev 4 ch —We +T;
My C m mc
o]
T = T1+W 1—¢ "o (V)
Now putting values in equation (v) we get,
-250
T = 50+(—7.5—(—0.5))[1_6Tf]
20 )40
3600
T = 50-24[1-e%
where t is in hour and T is in °C.
T(CO)
50 1
26
{ T
1.0 Time(h)

ocopyright: [MADE ERASY www.madeeasy.in
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Q.2 (b)(i) Solution:
(i) No heat transfer with the surroundings.
(ii) The system is at an equilibrium state initially and finally.
(iii) No change in kinetic energy and potential energy between these two states.

Writing energy balance equation,

AU+ AKE + APE = Q-W
Now AKE = 0,APE=0,Q=0
w
P —(uy—uy) = —(ug - uf) = -,
w
P 19274 K] /kg

Here -ve sign indicates that the work input by stirring is greater in magnitude than the
work done by the water as it expands.

Now: For entropy produced,
2070
Change in entropy, AS = j(—l +Sgen
T

S

gen _
T TS TS
gen
m R
Sgen
= 4.9953 kJ/kgK
Q.2 (b)(ii) Solution:
(i) Volume of tank is constant.
(@, = v)
Now, v, = U + X0,
0.16544 = 0.0007259 + x,(0.19254 - 0.0007259)
x, = 0.859
Thus, S, = s;+ x5, =0.07188 + 0.859(0.87995)
= 0.8278 kJ/kgK

ocopyright: [MADE ERSY www.madeeasy.in
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Then the entropy change of the refrigerant during the process,
AS = m(s,-s,) = (5kg) (0.8278 - 1.0624)
AS = -1173KkJ/K

Q.2 (b)(iii) Solution:

The efficiency of a Carnot engine is given by:

I
n= T
1
Let T, be decreased by AT with T, remaining the same,
T, —AT
1
If T,is increased by the same AT, T, remaining the same.
i)
= 1-—
M2 Ty +AT
T, T,—-AT (T —Tp)AT +AT?
Then, n-n, = - =
(Tl +AT) Tl Tl (Tl +AT)
Since, T, > T, (T]1 - n2) >0

So, the more effective way to increase the cycle efficiency is to decrease T,.

Q.2 (c) Solution:

s

2,¢e

260°C

Assumptions:

1. For the control volume, ch = 0 and kinetic and potential energy effects are neglected.
2. At the exit the state remains constant.

3. The initial and final states of the mass within the vessel are equilibrium states.

Since there is a single exit and not inlet, the mass rate balance, takes the form
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dme,
dt

with assumption 1, the energy rate balance, reduces to

= —m,

Combining the mass and energy rate balances results in,

au -
7CU = Qu +he

dm, .
Ot ...(i)

By assumption 2, the specific enthalpy at the exit is constant. Accordingly, integration
of the equation (i) gives,

AU

co

QCU + hEAmCU
Solving for the heat transfer Q

cv’

QCU = AUCU _hEAmCU
or Qo = (myuy - myuy) = h(m, - my) .. (ii)
where m, and m, denote respectively, the initial and final amounts of mass within the

tank.

The terms u, and m, of the foregoing equation can be evaluated with property values at
260°C and the given value for quality. Thus

Uy = Ut xl(ug - uf)
= 1128.4 + (0.7) (2599.0 - 1128.4) = 2157.82 k] / kg
Also, v = vt xl(vg - uf)
= 1.2755 x 103 + (0.7) (0.04221 - 1.2755 x 1079)
= 29.93 x 10 m3/kg
Using the specific volume v,, the mass initially contained in the tank is

3
v 0.85m _84kg

o1 (2993x10°m®/ kg)

m; =

The final state of the mass in the tank is saturated vapor at 260°C, so gives
Uy = Ugpgoecy = 2599.0 K]/ kg
Uy = Uyneec) = 4221 x 107 m’/kg

The mass contained within the tank at the end of the process is
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3
m = —= 0.85m = 2014 kg

v2 (4221x10° m®/ kg)

Also, h, = Iy60ec) = 2796.6 K]/ kg,
Substituting values into the equation (ii) for the heat transfer yields
Q. = (20.14)(2599.0) - (28.4)(2157.82) - 2796.6(20.14 - 28.4)
= 14161.688 k]

Q.3 (a) Solution:

Given:  Inlet temperature, T, = 1273 K ®
Mass flow rate, i = 0.5 kg/s P, =2MPa
, T, = 1000°C
Power developed, 1o/ = 120 kW
v = 167 P, =350 kPa
c, = 0.52kJ/kgK
(@) Temperature of the argon at the turbine exit.
Using SFEE,
i{hy +(KE) +(PE), }+Q = nit{hy +(KE)y +(PE), }+ W (1)
Neglecting change in KE and PE.
Q =0 {-. insulated turbine}
From eq. (1)
W
hl = hz +;
w
c pTl = cpTz +Z
120
= 1273 ———
L 0.5%x0.52
T, = 811.46K
YR
We know that, c.= ——
p Y- 1

R = 0.2086 kJ/kgK
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(b) Irreversibility
Ideal work by turbine per unit mass,
Wy = W-V¥
(hy = Tys,) = (hy = Tys,)
(hy = hy) + T (s, - 5,)

T P
c,[T; - T,] +293 |:Cp ln(T—lJ—RIn(EH

w, = 0.52[1273—811.46]+293|:0.521n 811.46 —0.20861n 390 :|
1273 2000

w, = 240+ 37.922
w, = 277.922K]/kg
Given, m = 05kg/s

Ideal power output, WI = 0.5 x 277.922 =138.961 kW

Irreversibility, I = WI -W,

a

ot = 138.961 - 120 = 18.96 kW
(c) Second law efficiency

_ Wact g9 _ 120
= Wy, 138.961

%100 =86.35%

Q.3 (b) Solution:
* APE~0and AKE ~0
* Absence of friction between piston and cylinder

* Closed system since no mass crosses the boundary.

20 cm
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The energy balance for the system can be expressed as,

Ein - Eout = AEsystem
Net energy transfer by heat, work and mass = change in internal energy, KE and PE
W, -Q., = APE + AKE + AU
= AU=mC (T,-T,) [AKE =~ 0 and APE ~ 0]
=0 (since T, = T))

Thus, the amount of heat transfer is equal to the boundary work input,
Quut = W, =01Kk] Answer

T
Initial volume, vV, = ZDlZL]

_ g><(0.12)2 x0.2 = 0.002262 m’

The relation for isothermal work done can be found out as

1%
—P,V; In| 22

W, =
1
Vo
0.1 = —100x0.002262In[ ——=——
0.002262
V, = 0.001454 m®
tinal pressure can be obtained from following
PV = PV,
P;V;  100x0.002262
P, = v, 0001454 - 155.57kPa Answer

The final position of the piston can be determined from final volume.

T 2
v, = ZDsz
T 2
0.001454 = ZX(MZ) XLy
L, = 01285m
AL = L,-L,=02-0.1285
= 0.07146 m=7.1 cm Answer
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Q.3 (c) Solution:

p T
2
T
L =C

1 3

V1I= v, Via=rVy V s
Q, = heat addition in process 1 - 2
Q, = heat rejection in process 3 - 1

If it is ideal gas (given)
Q
Qy

n

n
Process 3-1 (constant pressure),

T3
T

Process 1 - 2 (constant volume),

T,

T
We know that, p,
Process 2 - 3, PVY

E:Ql_QZ :1_&

Q1 Q1 Q1
c,(T, - Ty)
(T3 - T))
_p(B-T)
Cy (TZ - Tl)
Ty -T
2 1
Vs
v, T
B
P
P,
C
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From (1), (2), (3) and (4)

T
Ty | =2 -1
-1 1 Yl[Tl ]

=1 =1 L7t 1
1 [T, -T1] 12 _4
17,

b= _q_ylr=1l

[pz_l] (7 -1]

P

=1

-1yt -1)
T e

ldandr=7

for Y

7 _1-14(07-1) .
n = S =0.41 or 41%

Q.4 (a)(i) Solution:

Assumptions:
(i) Steady state for the control volume.
(ii) Air is an ideal gas.
(iii) Change in potential energy is neglected.
(iv) Heat transfer through the diffuser wall is negligible.
(v) Kinetic energy at exit is neglected.
(vi) There are no work interactions.

(a) For mass flow rate,

RT; 0.287x283 ;
v = Tp 30 =1.015 m°/kg

1 1
—XCiA] =————x200x04 =
- 1M = 7075 78.8 kg/s

Then, m

Since flow is steady, the mass flow rate through the entire diffuser remains constant.
(b) The energy balance equation,
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dE N (& e ) I
T i1 (hy —h2)+Q—W+m¥+mg(zl ~2)
Now for steady state,
Cf-C3
0 = m(hl—h2)+m¥
ci-C3
hy = h+—1—2
2 1 2
The exit velocity at diffuser is usually small compared with the inlet velocity,
c? -3 (200)% - 02
N hy = h +L =2 =834+
ow 2 1@283K 2000
h, = 303 kJ/kg

Now from table, the temperature corresponding to this enthalpy value is 303 K.

Temperature at exit, T, = 303K

Q4 (a)(ii) Solution:
(i) System is stationary neglect kinetic and potential energy changes.
(i) The volume of rigid tank is constant.
(iii) The water temperature remains constant during the process.
(iv) There is no electrical, shaft or other work transfer.

System boundary

y o g

Evacuated
; space \| _~ Partition
' P
H,O |
m=5kg <—_ Q..
P,=200kPa

(@) Initially the water in the tank is compressed liquid since its pressure (200 kPa) is
greater than the saturation pressure at 25°C (3.1698 kPa). So approximate the
compressed liquid as saturated liquid at the given temperature,

U = Ypgpsec = 0.001 m?/kg ~ 0.001 m°/kg
Then the initial volume of water,
V, = m.w,=5x0.001=0.005m?

1
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The total volume of the tank is twice this amount:
\% = 2(0.005) = 0.01 m3

tank
(b) At the final state, the specific volume of the water,

V, 001
v, = —F=—5— =0002m’/kg

Since, Vsgose < Uy < Ty the water is a saturated liquid vapour
mixture at the final state, and thus the pressure is the saturation pressure at 25°C,

P,= P ansc = 3.1698 kPa

(c) The energy balance on the system,

Ein - Eout = AEsystem
Q. = AU+W
Q,, = AU=m(u,-u,) (i)

Uy = Uggpsec = 104.83 k] / kg

The quality at the final state is determined from the specific volume,

v2=Vf  0.002-0.001 i
X, vg  4334-0001 = 2.3 x10°

Uy = Upt XU
= 104.83 + 2.3 x 1075(2304.3) = 104.88 kJ / kg
Now from equation (i),
Q,, = 5x(104.88 -104.83)
Q. = 0.25kK]

Q4 (b) Solution:
Given: m_ = 900 kg
p, = 1L12gm/cc

1073 3
= P, = 1.12 x 106 kg/ m
Ty _ 3
= 1120 kg/m
VP
= V= 0.8035 m?
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WP

P x V=20 x100 x 0.8035
1607 kJ
mRT

BV,

1 -2 air, PV
PV
= T,
200xV,
= T,
T
— 22
h
N I
h
= For air, oQ
0
0
-1607
. —0.08035(7 — 1)
Va
i3
h
Equating (i) and (ii)
V,+V,
0.1[ P }
Vﬂ
0.1V, +0.1x0.8035

T

20%(V, +V,)
T

20 |:V,Z +Vp]

200| V,

01 V, + Vp
Va

du + W
me(T, = Ty) + (1607)
PV, R

—(T> - T7)+ 1607

200><100L T—2—1
Y-11T

1- 0.08035(Y - 1)
v

a

1- 0.08035[Y - 1}
v

a

V, —0.08035(y—1)

Va

0.08035 + 0.08035(y - 1)
0.08035 (1 +y- 1)

Vﬂ

V -01V,
0.9V,
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0.08035y _ 0.08035
a 09 09

0.125 m?

14

<
I

Q4 (c) Solution:
Assumptions:
(i) Both water and the iron block are incompressible.

(ii) Constant specific heats at room temperature can be used for both the water and
the iron.

(iii)Neglect change in kinetic energy and potential energy.
(iv) System is well insulated and thus there is no heat transfer.
System = (Iron block + Water)
(a) Now,
Heat given by iron block = Heat taken by water

U] W L U] WO

5 x0.45(350 - Tf) = 100 x 4.18 x (Tf— 30)
Final equilibrium temperature, Tf =31.7°C
(b) Now for exergy,

X = (U-Uy)-TyS-Sy) + Py(V - V)

_ me(T-Ty)-T, [mdn(TT_oH

(Since incompressible. so, V - V= 0)
= mc(T—TO —TO lnl]
To

Total exergy at initial state, X =

1, total Xl, iron + Xl, water

= 5x0.45 623—293—293111@ +100%x4.18 303—293—2931nﬁ
293 293
= 2452 + 69.8
Xl, total = 315 k]
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Similarly, total exergy at final state,
X = X

2, total 2, iron + X2, water

= 5x0.45| 304.7 -293 -2931In 3047 +100x4.18] 304.7 =293 -2931In 3047
293 293

= 05+951
X5 ol = 95.6K]
(c) The water work potential is equivalent to the exergy destroyed.
Xdestroyed = 9, total T Xz, total
X estroyed = 219.4 kJ

Section B : Refrigeration and Air Conditioning

Q.5 (a) Solution:

In the reversed Carnot cycle with vapour as refrigerant, the isothermal processes of
condensation and evaporation are internally reversible process, and they are easily
achievable in practice although there may be some problem in having only partial
evaporation. However, isentropic compression and expansion processes have some
limitations. In brief, it is difficult to design an expander to handle a mixture of largely
liquid and partly vapour for the process 3-4. Also, because of the internal irreversibilities
in the compressor and the expander, the actual COP of the Carnot cycle is very low,
though the ideal cycle COP is the maximum. A cycle which is closest to the reversed
Carnot vapour cycle is the vapour compression cycle.

T

S
There are two drawbacks of reversed Carnot cycle with gas as a refrigerant.
(i) Firstly, itis not possible to devise, in practice, isothermal processes of heat absorption

and rejection, 4-1 and 2-3 in figure with gas as the working substance. These are
impractical as those will be infinitely slow.
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(ii) Secondly, the cycle on P-V diagram is very narrow since the volume is changing
both during the reversible isothermal and reversible adiabatic process. Drawn
correctly to scale, the Carnot P-V diagram is much thin. As a result, the stroke volume
of the cylinder is very large. The cycle, therefore, suffers from poor actual COP as a

result of irreversibilities of the compressor and expander.

T P,
/'P4
5 .
o,
4,
1
S
Q.5 (b) Solution:
T P, P
P Rev. isothermal
4
/P2
2 2 Pl
B}
Process 1-2: Isentropic compression,
Q=0
W P2V2 - P1V1 _ mR (T2 - T])
12 - v-1 v-1

Process 2-3: Isothermal compression and heat rejection.

Qs = Wy,
Assume air as an ideal gas. So, AU = 0 for isothermal process.

_ %! Vo
Q2_3 = P2V2 ln(v—3) = mRT2 ID(V—BJ

Process 3-4: Isentropic expansion,

Q=0
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PV - PV, _mR(T3 - Ty)

34 y-1 y-1
Process 4-1: Isothermal expansion and heat addition.
Qua = Wiy

= PV, ln(ﬁ) =mRT; ln(ﬁ)
Vy V4

V-
Now refrigerating effect, Q,, = mRTy ln(v—l)
4

Now for process 1-2 and 3-4,

L I
T Ty
v-1 v-1
L ) I i
Py Py
-1 -1
)l (Y
V2 Nz
N Vi Vi,
ssume, A (Compression ratio)
L B_ oy
T
, , mRTy In| 1
_ Refrigerating effect Vy
Now, COP for refrigerator = Work input = = -
P mRT, ln(—z) -mRTy ln(—l}
V3 V4
h i_ha
- hL-T Vo W3
1
g
h
1
COP = 11 Hence proved.
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Q.5 (c) Solution:

T, Tg -1
The maximum COP = E T _T

where, T = Saturation temperature of steam at 2 bar
= 119.62°C =392.62 K
T = 30+273=303K
T, = -5+273=268 K

_ 28 (39262-303)_, .
Maximum COP = 50551 "303_268 )~
Actual COP = 1.75 x 0.7 = 1.225

20 tons load of refrigeration = 20 x3.5=70Kk]/s

Refrigeration load

Actual COP

Actual heat supplied

0 57151/ s = 57.15kW
1.225

57.15 % 3600
X - hfg

57.15x 3600
0.9x2200

Note: Only latent heat of steam is used for heating purposes.

Actual heat supplied

Steam required per hour

Steam requirement/hour =103.91 kg/ hour

Q.5 (d) Solution:
P_ (Suction pressure) = 3.62 - 0.2 =3.42 bar
P (Discharge pressure) = 9.6 + 0.4 =10 bar

P, 1/n 10 /115
Now, Vol tric effici , = 1-C|| =+ -1{=1-0.05(| — -1
ow olumertric e 1C1ency nv (Ps ] (3.42)

= 1-0.077=0.923 =92.3%

Piston displacement per cylinder,

T .
VP = ZDZLNT]U = mXZ)z ...(1)
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where, #; is the mass flow of refrigerant per cylinder per minute

T’i’lXUZ

From eq. (1),
gDz x(0.8D)Nn, =

2LN =
2x0.8DN =

Given:

N =

From equation (2) and (3),

T H2 % 0.8D x 122 o 0.923
4 D

p? =

Q.5 (e) Solution:
For air at 35°C DBT and 60% RH

0.6 =
P =

[

Now, Specific humidity, ® =

(g X 60) x 0.0525

0.326 m3/min-cylinder

0.326

3 x 60 =180 m/min
180

180 1125
1.6D D

0.326

0.326 LA 1
0.923x1125%x0.8 m 200.132

1
14.1468

112.5

0.07068
0.8D = 0.8 x 7.068 = 5.6544 cm

= 0.07068 m = 7.068 cm

=1591.68 rpm

B
PUS

PZ)
5.6280
3.3768 kPa

O'622—><Pv>< 1000 grams/ kg of d.a.

t 1o
0.622 x 0.033768
1.01300 - 0.033768

x 1000 = 21.45 g/kg of d.a.
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After removing 5 grams of water vapour, the specific humidity becomes:
o = 2145-5
16.45 g/kg of d.a.

Now, the air is at 25°C DBT and 16.45 g/kg of d.a. of specific humidity. The partial
pressure of water vapour at this condition can be calculated as follows:

0.622x P,
o = ——
P, - P,
0.622x P,
0.01645 = ————~
1.013 - P,
P’ = 0.0261 bar
P/ = 261kPa
P, _ 26l
(i) Relative humidity, ¢’ = PZS =315 = 08235 =8235%
(ii) Dew point temperature is the saturation temperature at the pressure,
P’ = 2.61kPa
DPT = 22°C (from given table)
(iiiy ~ Degree of saturation, i = ¢ D =Fos | 8035 x (101'3 — 3'1693) =0.8188
P -P, 101.3 -2.61
Q.6 (a) Solution: T
T, = 225K, P, = 0.2 bar 3
Process 1 to 2, 2 1.4 bar
v-1 T
Lo_ (Pz J Y
T | p 1b
1 ar 7 02bar
1.4-1 5
T, = 20512 ) 14 5
0.2
T, = 392.32K
Since secondary compressor and turbine are mounted on same shaft so
Wr = W
Given, W, s =W, 4
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ticy (Ty=Ts) = ey (T3=T)
(T,-Ty) = (T;-T,) ..(i)
v-1
P,
Now T, = Ts 247
Ps
0.1-1
T, = 275(ﬂ) 14 ...(ii)
1
v-1
T LA
Similarly, T_3 = & v
2 P2
14-1
T, = 39232(5)14
1.
14-1
T3 = 356.36(P;) 14

Put value of T; and T, in eq. (i)

0.4/1.4

275(P,) -275 =

P, =
Now from eq. (ii)

Temperature at the inlet of turbine,

~
Il

Q.6 (b) Solution:

04/1.4

Compression process 1 - 2 is isentropic

So, 8, =

5.8285

356.36 (P3 ) —-392.32
P4 = 3.6 bar
275(3.6)0'4/ 14
396.53 K
S

T
5.2623+3.252In| —%

T

ocopyight: IMADE ERSY

www.madeeasy.in



36 | ESE2019: MAINS TEST SERIES MADE ERSYH

T
In| =2 | =
n( 303) 0.1740

T(°C)

30
21

T, = 360.587 K
Now, h, = h)+ cp, (T, - T,)
= 1485.93 + 3.252(360.587 - 303)
h, = 1673.20 kJ/kg
Again, hy = hy' -cp (Ty' - Ty)
= 342.08 - 4.843(303 - 294)
h, = 298.493 kJ/kg
And expansion process 3 - 4 is isenthalpic so,
h, = h,=298.493 kJ]/kg

T .
(a)Displacement volume/min, V, = 1 x D X L X N x Mool X Number of cylinder

TX15x15%x14 x250%x0.79 x 2

= =0.977 m3/ min
4 %100 % 100 x 100
Therefore, mass of refrigerant flowing per min,
m = Yp _ 0977 _ 1.9193 kg/ min
v;  0.50905

(b) The tons of Refrigeration,
ri(hy —hy)  1.9193 x (1444.19 — 298.493)

210 210

10.47 tons of refrigeration

RE

hy—hy 144419 -298.493 1145.697

= =5.00
hy —hy 1673.20-1444.19  229.01

(c) Coefficient of performance, COP =
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Q.6 (c)(i) Solution:

A simple vapour absorption system, consists of a condenser, an expansion device and
an evaporator as in the vapour compression system and in addition, an absorber, a
pump, a generator and a pressure reducing valve to replace the compressor. The
schematic representation of the system is shown in figure in which various components
of the system are arranged according to their pressures and temperatures. The
refrigerating effect is shown as Q, at temperature T, and the heat rejected in the condenser
as Q. at temperature T . = Ty of the environment. The compressor work is replaced by
the heat supplied in the generator Q, plus pump work IV,. Cooling must be done in the
absorber to remove the latent heat of the refrigerant vapour as it changes into the liquid
state by absorption by the weak solution. Heat rejected in the absorber be Q , at absorber
temperature T, = T;. Then the energy balance of the system,

Q+*WptQ), = Qe+,
The pump work Wp = —J. vdP is very small compared to compressor work in the vapour

compression system, as the specific volume v of the liquid is extremely small compared
to that of the vapour (v, <<v,). The energy consumption of the system is mainly in the
generator in the form of heat supplied Q,.

Qc
T Qp
Evaporation Absorber ~ Wp
Ty
Qo Qa

Schematic representation of simple vapour
absorption system

In the vapour-absorption system, the function of the compressor is accomplished in a
three step process by the use of the absorber, pump and generator. Functions of these
devices are given below:

(i) Absorber: Absorption of the refrigerant vapour by its weak or poor solution in a
suitable absorbent or adsorbent, forming a strong or rich solution of the refrigerant
in the absorbent/adsorbent.

(ii) Pump: Pumping of the rich solution raising its pressure to the condenser pressure.

(iii) Generator: Distillation of the vapour from the rich solution leaving the poor solution
for recycling.
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Q.6 (c)(ii) Solution:

Electrolux principle works on 3-fluid system. There is no solution circulation pump.

Total pressure is the same throughout the system. The third fluid remains mainly in the

evaporator thus reducing partial pressure of refrigerant to enable it to evaporate at low

pressure and hence low temperature.

Liquid NH, evaporates in the evaporator in the presence of H,. Hydrogen is chosen as

it is non-corrosive and insoluble in water. A thermosyphon bubble pump is used to lift

the weak aqua from the generator to the separator. The discharge tube from the generator

is extended down below the liquid level in the generator. The bubble rise and carry

slugs of weak NH, - H,O solution into the separator.

Two U-bends are provided as vapour-locks to prevent H, from getting into the high

side or solution circuit. Partial pressure of H, provides the pressure difference of NH,

between the condenser and the evaporator.

In condenser pure NH, vapour pressure = Total pressure

In evaporator NH, vapour pressure = Total pressure - Partial pressure of H,.

Q.7 (a) Solution:

RSH _ 310 0756
RSH +RLH 310+100

RSHF =

Steps:

1.
2.
3.

Draw a line joining 0.756 SHF to alignment circle.

Draw a line passing through point (i) and parallel to previous line.

Draw a vertical give from 18°C DBT such that it intersects line passing through (i) at
point 2.

The point 2 is the exit of cooling coil.

Far 18°C  25°C 38°C

tDBT -
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h, = 505KJ/kg d.a.,
h, = 41.2KJ/kg d.a.
v, = 0.836 m®/kg d.a.
hy = 92KkJ/kgd.a.

(a) Supply air quantity and volume flow rate

RTH 410
2 " hi—hy, 505-412

O,

=44.09kg/ s

titg, X vy = 44.09 X 0.836

36.86 m3/s

(b) Quantity and volume flow rate of outdoor/exhaust air

titg, = 0.ri1, =01x44.09 = 4.41kg/s

Qu, = 1,00 = 44.09%0.91 =401 m%/s

Quantity and volume flow rate of return air,

mﬂi = mﬂz — mao =44.09-4.41=39.68 kg/s

Qu, = ity Xv; =39.68x0.86 = 3405 m’/s
0.91 m®/kg d.a. and v, = 0.86 m®/kg d.a.

are the specific volumes of outdoor and indoor air respectively.

Here, (4

(c) State of air entering cooling coil.

t, = 0.9t +0.1¢, = 0.9(25) + 0.1(38)
= 26.3°C
t,” = 19.2°Cat 26.3°C, DBT on the line joining i to 0.
v, = 0.865 Room
h, = 54.6 K]/kg. d.a.
Volume flow rate of air entering the cooling coil.
QVz’ = 1, X v; = 44.09 % 0.865 1
= 3814 m3/s - 00 3

(d) Refrigerating capacity of the coil.
Qcoil = GTH = ity (hy —hy) = 44.09(54.6 — 41.2)
591 kW
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Coil ADP is obtained by the intersection of the line joining 1 to 2 with the saturation

curve. Thus,

tapp = 9°C

BPF of the coil,
1 —tapp 263-9

=0.52

BPF =

Q.7 (b) Solution:

In winter, the building sensible heat losses are partially compensated by the solar heat
gains and the internal heat gains such as those from occupancy, lighting etc. Similarly,
the latent heat loss due to low outside air humidity is more or less offset by the latent
heat gains from occupancy. Thus in winter, the heating load is likely to be less than the
cooling load in summer. However, the actual situation both in summer and winter
depends on the swing of the outside temperature and humidity with respect to the
inside conditions.

Further, certain sensible heat gains (negative loads) such as the solar heat may not be
present at the time of peak load and hence they are not counted. On the other hand,
latent heat gains from occupancy, etc. are always present and should be taken into
account. As aresult the design heating load for winter air conditioning is predominantly
sensible.

In general the processes in the conditioning apparatus for winter air conditioning for
comfort involve heating and humidifying. Two of the typical process combinations are:

(i) Preheating the air with steam or hot water in a coil followed by adiabatic saturation
and reheat.

(ii) Heating and humidifying air in an air washer with pumped recirculation and external
heating of water followed by reheat.

The process for the two systems are shown in figure. The first system with preheating
and adiabatic saturation follows processes 1 - 2 and 2 - 3 respectively. The second system
replaces the two processes with heated water spray in the air washer and the process
line is 1 - 3. The leaving air state 3 from air washer may be affected by its saturation
efficiency. The reheating process 3-s is common to both. The supply air states should lie
on the room sensible heat factor line. It is therefore, determined by the room sensible
heat factor and by the choice of supply air rate which is usually known from summer air
conditioning calculations.
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3/ Reheating -~ s

Adiabatic o
saturation .~~~ RSHF line

g —

Air washer process with
external heating of water

t—>

Winter air conditioning

Q.7 (c) Solution:

%
n-1
T, = Tl(&) "= 073(12)03/13
Py
= 4844K
n-1 0.35/1.35
T, - | 2|" :298(1)
P, 12
= 15647 K

Refrigerating effect per kg of air circulated,
RE = ¢, (T, -T,) =1(273 - 156.47)
= 116.53 kJ/kg
.Mass of air circulated in the system per second,

25x%x 3.5
116.53

m, = =0.7508 kg/ sec = 45.05 kg/ min

ocopyright: [MADE ERSY www.madeeasy.in



42 | ESE2019: MAINS TEST SERIES MADE EASY

.. Compressor displacement per min (V,),

m,RT;  45.05x287 x 273

= = 3 /mi
) 110 35.297 m’/ min
Expander displacement per minute (V)
T, 156.47
V, = Vi ( T_4 ) = 35.297 x [+ Constant pressure]
1
= 20.23 m3/min

Work done in the compressor per kg of air

W. = Areaunder 1 -2 process
n 1.3

= Rn—l(T2 -Ty) = 287><@><(484.4—273)
= 26291 KJ/kg
Now work done by air in expander,
W, = Areaunder 3 - 4 process
- R ﬁl(T3 ~Ty)= 287x%x(298— 156.47)
= 156.673 k] /kg

. Net work done on the refrigeration system,
W, = W-.-W,=26291-156.673

net
= 106.237 k] / kg
Refrigeration effect per kg  116.53

Work done per kg 106.237
1.0968
ma X Wnet
0.7508 x 106.237 = 79.76 kW

79.96
kW power per ton of refrigeration = o5 3.1984 kW/ TR

Coefficient of performance, COP=

kW power to run the system

For compressor and exapnder piston displacement,
Compressor piston displacement,

At point 1,
PV, = mRT,
1x10°x V, = 0.7509 x 287 x 273
V, = 05883 m®/s
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Now, expander piston displacement,
At point 4,
P,V, = mRT,
1x10°x V, = 0.7509 x 287 x 156.47

vV, = 03372 m%/s

Q.8 (a) Solution:

(2,.) _[H—(va)WBT][TDB—TWB]
v S /WBT 1547 — 1.44Typ
(1.01325 - 0.0073)(5 - 2.5)

= 0.0073 -
1547 —1.44x2.5
= 0.00567 bar
o = 0.622 K =0.622 x 0.00567
P, -P, 1.01325 - 0.00567

= 0.0035 kg/kg of air = 3.5 gms/kg of dry air
h,(Initial enthalpy of air) = (1.005) x 5 + 0.0035(2500 + 1.88 x 5)
= 13.808 k] /kg

The mass of dry air passed through heating coil per sec is given by:
b, (1.01325-0.00567)x10° E
i = Ya% _ 60
“ RT, 287 x (5 +273)

1.89 kg/s

40.7

». q(Heat added by the coil per kg of dry air) = 775" = 21.53 K]/ kg of dry air

= hy(Enthalpy of air leaving the coil) = h, + g =13.808 + 21.53
= 35.338 kJ/kg of dry air

After this, amount of steam mixed with air,

(4—0) kg/ sx _
3600 1.89kg/ s

0.00588 kg/kg of dry air

.. The specific humidity of air after mixing the steam

0.0035 + 0.00588

0.00938 kg/kg of dry air

ocopyright: [MADE ERSY www.madeeasy.in



44 | ESE 2019 : MAINS TEST SERIES MADE EASY

Amount of heat carried by the steam in the air per kg of dry air
0.00588 x 2691
15.82 kJ / kg of dry air
Enthalpy (I1,) of air after mixing the steam,

hy, = h,+15.82=35.338 +15.82

= 51.158 kJ /kg of dry air

This enthalpy is given by, h, = (1'005)TD33 + ®(2500 + 1.88TDB3)
51.158 = (1.005) x Tpp, + 0.00938 (2500 + 1.88Tpp,)

= 1.02263Tpp, + 23.45

51.158 — 23.45
Tpp, = ) = 27.095°C
From psychrometric chart,
At DBT, = 27.095°C, o, = 0.00938 kg/kg of d.a.
WBT, = 18°C

Q.8 (b)(i) Solution:

Clearance ratio = 0.08

&1/116 ) ﬁ
Pl a V2

L) 14
P, = (17)H=5
P 1/n,
Now, Volumetric efficiency = 1+C- C[P_ZJ
1
[as, n.=n,=1.4]
= 1+4+0.08-0.08 x3.157
Ny, = 08274

Now, for new volumetric efficiency 1y,

As given in question exponent changes but pressure ratio should remain same:

1/n,
B = (5)1/11 [Given, ), =1.1]
P, ()
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P, 1/n,
Now, = 1+C-C|=
= 1+0.08-0.08 x 4.319
= 0.7345
0.7345-0.8274
% change in volumetric efficiency = =-0.11228 or —11.228%

0.8274
Negative sign indicates decrease in volumetric efficiency.

Q.8 (b)(ii) Solution:
There are various important properties of refrigerant required in the vapour compression
refrigeration system. Some of them are given below:

(i) Normal boiling point: The boiling point of the substance corresponding to 1
atmospheric pressure is called normal boiling point. Generally low normal boiling
point of refrigerants are preferred. Low normal boiling point refrigerants are called
high pressure refrigerant and high normal boiling paint refrigerants are called low
pressure refrigerants.

(ii) Critical temperature: As critical temperature decreases, refrigeration effect decreases
and to keep the same refrigeration capacity mass flow rate should increase. This
increase in mass flow rate increases the discharge volume of refrigerant which
increases work input to the compressor.

T

So high critical temperature is required to get higher COP.

(iii)Freezing point: The freezing point of the refrigerant must be low to avoid freezing
of refrigerant. Water has some very good properties but due to high freezing point
it is not used in many applications.
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(iv)Pressure ratios: Refrigerant with low pressure ratio is required.

(v) Specific volume: The specific volume at compressor inlet should be low because
high specific volume results in larger size compressor. R-11 and R-113 have high
specific volume at compressor inlet hence used with rotary compressor.

(vi) Latent heat and specific heat: The latent heat of the refrigerant should be high so as
to have lower mass flow rates. Latent heat of NH, is very high.

The specific heat of liquid refrigerant should be low.

(vii) Compressor discharge temperature: The compressor discharge temperature should
be low as high compressor discharge temperature results in overheating of
compressor. NH, has high compressor discharge temperature hence NH,
compressors are water cooled.

Use of isentropic expander instead of throttling is practically not feasible instead of
throttling: In VCRS throttling is preferred because with the use of isentropic expander
very less work can be obtained (Since refrigerant remains mostly liquid during expansion).
Hence use of isentropic expansion is not beneficial economically. But in gas refrigeration
system isentropic expander is used because since air is used as the refrigerant which
behaves as an ideal gas. Throttling will not result in any temperature drop.

Q.8 (c) Solution:

The vortex tube or Range-Hilsch tube, consists of a straight length of a tube with a
concentric orifice located in a diaphragm near one end and a nozzle located tangentially
near the outer radius adjacent to the orifice plate. Compressed gas enters the tube
tangentially through a nozzle forming a vortex which, therefore, travels towards the
right hand side of the tube called the hot end. A hot stream at temperature T, which is
above the temperature of supply, say, T, ejects from the hot end through the throttle
value, while the cold stream at temperature T below the temperature of supply is
received at the cold end through the orifice. The throttle valve opening controls the
temperature and proportion of the cold stream with respect to the hot stream. The larger
the throttle valve opening the lower the temperature of the cold stream and the smaller
its fraction and vice-versa. The throttle value is placed sufficiently distant from the nozzle
and the diaphragm immediately close to it.
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Compressed gas

>
2
. X
Tangential nozzle %o

Cold gas---——

Diaphragm ——

Fig. Vortex tube
The vortex tube system is a modification of the open-type air refrigeration system with
the expander having been replaced by a vortex tube. In the Joule cycle, a temperature
drop is obtained equal to the isentropic temperature drop (T, - T,). The work of
expansion is utilized to either run a cooling fan or a secondary compressor. The
temperature drop obtained with the vortex tube, (T, - T ) is smaller than the isentropic
drop.

S
From the nozzle, the high-velocity gas travels from the periphery of the tube to the axis

during which the separation of kinetic energy occurs. The kinetic energy is retained by
the outer layers due to which they are heated and energy from the hot end of the tube at
state /1. The central core after having lost some kinetic energy emerges from the cold end
at state C, i.e., at a temperature slightly above the static temperature of the expanded
gas. The pressure of the cold gas stream is usually lowered further due to expansion in
the vortex chamber.

Q000
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