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Exercice 01 :
T, °C P, kPa w, m'/ kg Phase description
50 12,35 7.72 Saturated mixiure
143.6 400 0.4624 Saturated vapor
250 300 4744 Superheated vapor
110 350 0.001051 Compressed liguid
Exercice 02 :
T, °C P, kPa h, kl/ kg x Phase description
120.21 200 2045.8 0.7 Saturated mixture
140 361.53 1800 0.565 Saturared mixture
177.66 950 752.74 0.0 Saturated liguid
80 500 33537 --- Compressed liguid
350.0 800 3162.2 --= Superheated vapor
Exercice 03 :
T, °C P, kPa v, m'/ kg Phase description
-8 320 0.0007569 Compressed liguid
30 770.64 0.015 Saturated mixture
-12.73 180 0.11041 Saturated vapor
B0 600 0.0447110 Superheated vapor




Exercice 04 :

T, °C P, kPa u, kI /kg Phase description
20 572.07 95 Saturated mixture
-12 185.37 35.78 Saturated liquid
86.24 400 300 Superheated vapor
8 600 62.26 Compressed liquid
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Série d’exercices n° 02

Exercice 01 :

Air is accelerated in a nozzle from 30 m/s to 180 m/s. The mass flow rate, the exit temperature, and
the exit area of the nozzle are to be determined.
Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with
constant specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat
transfer is negligible. § There are no work interactions.

Properties The gas constant of air is 0.287

k}"a,rn"’.-"kg.K (Table A-1). The specific heat of air at
the anticipated average temperature of 450 K is ¢, = P, =300 kPa
1.02 kl/kg.®C (Table A-2). T, =200°C AIR P, =100kPa
= /s — V=180 m/s
Analysis (a) There is only one inlet and one exit, and )l:' _ gg Tm‘l : e
thus ny = m, = . Using the ideal gas relation, the !
specific volume and the mass flow rate of air are
determined to be
RT, (0287 kPa-m’/kg-K)(4T3K
v, = _( a-m ke KA K) _ g 4505 m* kg
R 300 kPa
m= LA,V, =—————1(0.008 m*)(30 m/s) = 0.5304 keg/s
v, 0.4525 m kg

(h) We take nozzle as the system, which is a control volume since mass crosses the boundary. The energy
balance for this steady-flow system can be expressed in the rate form as

- ' _ ; A (steady) _
Ein - Eom - ﬁ‘E‘:\'y:;ln:m =0
Rate of net energy transfer  Rate of change in intermal, kinetic,
by heat, work, and mass potential, ete. energies
E =E

mn oLt

m(hy + V.2 12)=rm(h, +V5/2) (sinceQ=W = Ape = 0)

Substituting, 0=(1.02 kI’kg-K)T, —200°C) +

(180 m/s)> ~(30 m/s)> [ 1kIkg |
2 1000 m”/s*

It yields 7> = 184.6°C

(c) The specific volume of air at the nozzle exit is

RT, (0.287 kPa-m’/kg-K)(184.6+ 273K .
v, =Bz _( a-m kg K)A84.6+273K) _ ) 313m3 kg
*7 P, 100 kPa

i = 4 LV ——> 0.5304 kg/s = A, (180 m/s) — A, = 0.00387 m" = 38.7 em’
v

1.313m’ kg




Exercice 02 :

Steam expands in a turbine. The change in kinetic energy, the power output, and the turbine inlet area
are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes
are negligible. 3 The device is adiabatic and thus heat transfer is negligible.

Properties From the steam tables (Tables A-4 through 6)

R =10 MPa | v, =0.029782 m® /kg ’;' - 1202"5 )
T, =450°C | b, =3242.4 k/kg v, = 80 ms
and
P, =10 kPa
hy=hy, +xyh, =191.81+0.92x 2392.1=2392.5 kl/kg
x, =092 [ :

Analysis (a) The change in kinetic energy is determined from

vi -y (50mis) -(80ms)t [ 1kIk
ske= V2V _ B0 mis)’ - (80 mis) e |- -195kI/kg
2 2 1000 m~ /s~
P;=10kPa
(b) There is only one inlet and one exit, and thus @y, = i1, = m. We take the 1, =092
V=50 m/s

turbine as the system, which is a control volume since mass crosses the
boundary. The energy balance for this steady-flow system can be expressed
in the rate form as

E" —EI' = AE A i steady) -0
_—

m out system

i S —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc_energics

m(hy AV 2) =W, +m(h, +V7/2) (sinceQ = Ape = 0)

. vi-v?
HIr{mlt = _’ﬁ[hz _h] +%]

Then the power output of the turbine is determined by substitution to be

Woo=—(12 kg/s)(2392.5-3242.4-1.95)k)/kg =10.2 MW

out
(¢) The inlet area of the turbine is determined from the mass flow rate relation,

.1 ] 12 kg/s)(0.029782 m* /k,
e Ay g P (2kgS0.02978) m k)
v, ¥ 80 m/s

=0.00447 m*?




Exercice 03 :

Helium is compressed by a compressor. For a mass flow rate of 90 kg/min, the power input required
is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 Helium is an ideal gas with constant specific heats.

Properties The constant pressure specific heat of helium is ¢, = 5.1926 kJ/kg'K (Table A-2a).

Analysis There is only one inlet and one exit, and thus m, =my, =m.

We take the compressor as the system, which is a control volume since

mass crosses the boundary. The energy balance for this steady-flow ?1 : igg ;Pa
system can be expressed in the rate form as :
Ein - Enut = &Es}'su:mnu (steady) =0
P o —
Rate of net energy transfer  Rate of change in internal, kinetic, Q
by heat, work, and mass potential, ete_cnergies He :
Ein = lE:-"nut %0 kgfmln ’
) . w
W, +mh, =0, +mh, (since Ake = Ape =0)
j:’I"}’in_Qout =”',U73 _ﬁl}zm{'p(TE_Tl} T
Py =120 kPa
Thus, T,=310K

PI:IiTJ = Ql)ul + }jK'p(TZ - Ti]
= (90/6 0 kg/s)(20 kJ/kg) +(90/60 kg/s)(5.1926 kI/kg - K)(430 - 310)K
=965 kW

Exercice 04 :

Two streams of cold and warm air are mixed in a chamber. If the ratio of hot to cold air is 1.6, the
mixture temperature and the rate of heat gain of the room are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.

Properties The gas constant of air Cold

is  R=0287 kPam’/kg.K. The alr N
enthalpies of air are obtained from 5°C

air table (Table A-17) as

hy = h garex = 278.13 klikg Warm

hy = hgsork = 307.23 kilkg air = _—"

34°C
Bugom = P g 207k = 297.18 klkg

——p ROOm 24°C

roem

Analysis (a) We take the mixing chamber as the system, which is a control volume since mass crosses the
boundary. The mass and energy balances for this steady-flow system can be expressed in the rate form as

Mass balance:

. S A (steady) _ S . g
My = Mgy = Amg g =0 my, =m, —m +1.6m =my =2.6m since m, =1.6m
Energy balance:
: : _ : A0 (steady)  _
Ein - Enul - aExysn:m =0
L

Rate of net energy transfer g of change in internal, kinetic,
by heat, work, and mass potential, ete. energies




Ein = Eclui
righy + ginhy = mnhy, (since O = W = Ake = Ape = 0)

Combining the two gives  sit,fy +1.6if1 by = 2,600 sy or iy = (k) + 1.6k, )/ 2.6
Substituting,

B3 = (278,13 +1.6x 307.23)/2.6 = 296.04 kl'kg
From air table at this enthalpy, the mixture temperature is

Ts = Tan-2060am = 295.9 K=22.9°C
(£) The mass flow rates are determined as follows

2 a-mi/ke - ;
_RT, _ (0287 kPa-mke K)S+273K) _ 5590 103 /1
P 105 kPa

v

.Y 1.25m'ss
Wy = il B —_
vy 0.7599 m kg

sty = 2,600 = 2.6(1.645 kg/s) = 4277 kg/s

=1.645 kg/s

The rate of heat gain of the room is determined from

O = tity Uy — Iy) = (4.277 kg/s)(297.18 — 296.04) ki/kg = 4.88 kW

Exercice a domicile :

A heat exchanger that is not insulated is used to produce steam from the heat given up by the exhaust
gases of an internal combustion engine. The temperature of exhaust gases at the heat exchanger exit and
the rate of heat transfer to the water are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential
energy changes are negligible. 3 There are no work interactions. 4 Exhaust gases are assumed to have air
properties with constant specific heats.

Properties The constant pressure specific heat of the exhaust gases is taken to be ¢, = 1.045 kl’kg-=C
(Table A-2). The inlet and exit enthalpies of water are (Tables A-4 and A-5)

Tyin =15°C
' o rhy i, =02.98 klkg
x=0(sat. lig.) Exh. gas f 0
Pw out — 2 MPa : 400°C LY
S By o =2798.3 kl/kg — -
x=1(sat. vap.) Heat
Analysis We take the entire heat exchanger as the system, exchanger
which is a control volume. The mass and energy balances for ;
this steady-flow system can be expressed in the rate form as 2 MPa ‘:ter
sab. vap. 15°C

Mass balance (for each fluid stream):

. . _ . A (steady) . o
M = Mgy = 'ﬂmﬁy:ilcm =0— iy = Mgy




Em = Enui

mcxhﬁtxh,m + ”:Wh\}',]n =mcxh’{?|:xh,0u1 + mwhw.nul + Uom (smce W = Ake = Ape = 0}
ar 'mcxht,urn:xh.in + mwhw.m =j"|:xht,urr.th,uul + mw'ﬁw.om + Qom

Noting that the mass flow rate of exhaust gases is 15 times that of the water, substituting gives

150, (1.045 k1/kg.2C)(400°C) + sir,, (62.98 kI/kg)

. 1)
=15m,, (1.045 kJ’kg."C)T ., o +m, (2798 3kIkg) + O, ¢
The heat given up by the exhaust gases and heat picked up by the water are
Q..{n’] = mcxh c ;:(Tcxh.in — fexhoout ) =15m w (I 045 k,]fkg"c){«q-ﬂﬂ - Tcxh.uul )*C (2}
Q“. =1, (g = Pyin ) =11, (27983 — 62.98)kl/kg (3)

The heat loss is

Q{JJH = .Jrhral |055Q'v.1'h = G-IQHH (4}

The solution may be obtained by a trial-error approach. Or, solving the above equations simultaneously
using EES software, we obtain

Toinout =206.1°C, 0, =97.26 KW, i, =0.03556 kg/s, i, =0.5333ke/s




Université de Batna 2

Année universitaire 2019-2020

Faculté de Technologie

Département de Mécanigque

Machines frigorifiques et pompes a chaleur

Série d’exercices n° 03

L3ENG

Exercice 01 :

A commercial refrigerator with refrigerant-134a as the working fluid is considered. The quality of

the refrigerant at the evaporator inlet, the refrigeration load, the COP of the refrigerator, and the theoretical

maximum refrigeration load for the same power input to the compressor are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis (a) From refrigerant-134a tables (Tables A-11 through A-13)

F =60kPa .
¢l =230.03 klikg ,
T, =-34°C 26°C Water
P, =1200kPa | ) 18°C
- _ hy =295.16 kl/kg 0
T, =65°C - " 1.2 MPa
- 42°C . 65°C
P, =1200kP: ; -
1 Uy = 11123 Kike : Condenser I
T, =42°C ' 3 ”
hy = ;Tj =111.23 lfj-"kg XE-xlpansiun W,
Py = 60kPa x, =0.4795 b Compressor —
hy =111.23 kl/kg
Using saturated liquid enthalpy at the given 4 1 60 L;Pa
temperature, for water we have (Table A-4) : Evaporator } -34°C
"
oy =h e = 7547 klikg ‘ 0
‘ L

By =y agc = 108.94kI/kg

(h) The mass flow rate of the refrigerant may be determined from an energy balance on the compressor
g (hy =) =m (b, —h,)
M (295,16 -111.23)kIkg = (0.25kg/s)(108.94 - 75.47)k)/kg
—riity = 0.0455 kg/s
The waste heat transferred from the refrigerant, the compressor power input, and the refrigeration load are
@y =iy (hy —hy) = (0.0455kg/s)(295.16 - 111.23)k)/kg = 8.367 kW
Wiy = sitg (hy —hy)— Oy = (0.0455 kg/s)(295.16 -230.03)kl/kg - 0.45 kW = 2.513kW

O, =0, W, =8367-2.513=5.85kW

(c) The COP of the refrigerator 1s determined T
from its definition
cop=9: 38 _533
W, 2.513

(d) The reversible COP of the refrigerator for the
same temperature limits is

1 1

Copmax = =
T, /T, —1  (18+273)/(-30+273)-1

=5.063

Then, the maximum refrigeration load becomes

O\ max =COP, W, =(5.063)(2.513kW) =12.72kW




Exercice 02 :

An ideal vapor-compression refrigeration cycle with refrigerant-134a as the working fluid is
considered. The rate of heat removal from the refrigerated space, the power input to the compressor, the
rate of heat rejection to the environment, and the COP are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.

Analysis (a) In an ideal vapor-compression refrigeration cycle, the compression process is isentropic, the
refrigerant enters the compressor as a saturated vapor at the evaporator pressure, and leaves the condenser
as saturated liquid at the condenser pressure. From the refrigerant tables (Tables A-12 and A-13),

P, =120 kPa }h, =hy @120 kpa = 236.97 klkg

sat. vapor S| =55 @120 kpa = 094779 klkg-K T
Py =0.7 MP:
: 4 }hz =273.50 kl/kg (T, =34.95°C)
5, =5,
P, =0.7 MPa

]\h =h ., = 88.82 kl/k
sat. liquid J 3 f @ 0.7 MPa g

h, = h, =88.82 kJ/kg (throttling)

Then the rate of heat removal from the refrigerated
space and the power input to the compressor are
determined from

Q'I_ =ity — hy ) = (0.05 kg/s)(236.97 —88.82) k)/kg = 7.41 kW
and

W,, = il —hy)=(0.05 kg/s {273.50 - 236.97) kl/kg = 1.83 kW

(b) The rate of heat rejection to the environment is determined from
Oy =0, +W, =741+1.83=923 kW

(c) The COP of the refrigerator is determined from its definition,

0, TAIkW _

COP, == -
W, 1.83kW

4.06




Exercice 03 :

An ideal vapor-compression refrigeration cycle with refrigerant-134a as the working fluid is
considered. The throttling valve in the cycle is replaced by an isentropic turbine. The percentage increase
in the COP and in the rate of heat removal from the refrigerated space due to this replacement are to be
determined.

Assumptions 1 Steady operating conditions exist. T
2 Kinetic and potential energy changes are
negligible.

Analysis If the throttling valve in the previous
problem is replaced by an isentropic turbine, we
would have s, = 53 = 55 0.7 mpa = 0.33230
klkg K, and the enthalpy at the turbine exit
would be

0.85503 §

5y

A
&y =8 — 5
. ={ 3=, J _033230-009275 _ .-
& f@ 120 kPa

hy, = (.r:_, +X4,h ) aowps = 2249 +(0.2802)214.48) = 82.58 kl/kg

Then,
0, =mlh —hy, )=(0.05 kg/s)(236.97 -82.58) kl/kg = 7.72 kW
and

0, _172kW _, .

COP, ==L = -
W, 183kW

Then the percentage increase in Q and COP becomes

AQ, 71.72-741

Increasein (), = =% = =4.2%
O 0, 741 °
ACOP 234,
Increase in COPy = R _423-406 4.2%
COP, 4.06

10




Exercice 04 :

A refrigerator with refrigerant-134a as the working fluid is considered. The rate of heat removal
from the refrigerated space, the power input to the compressor, the isentropic efficiency of the compressor,
and the COP of the refrigerator are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the refrigerant tables (Tables A-12 and A-13),
F =0.14 MPa lhl =246.36 kl/’kg

T, =-10°C |5, =0.97236 kl/kg K T
;j: ~ o }kg = 288.53 kl/kg

Py =0.7Mbe }hh - 28116 kI/kg

Ji =5

% _ g;fli“""“ }ﬁs = hy g e = 8498 kilkg

hy = hy = 84.98 kl/kg (throttling)

Then the rate of heat removal from the refrigerated space
and the power input to the compressor are determined from

0, =mlh —hy)=1(0.12 kg/s ) 246.36 — 84.98) kI/kg = 19.4 kKW
and
W, = sitlhy — hy )= (0.12 kg/s)288.53 — 246.36) k)/kg = 5.06 kW
A refrigerator with refrigerant-134a as the working fluid is considered. The rate of heat removal

from the refrigerated space, the power input to the compressor, the isentropic efficiency of the compressor,
and the COP of the refrigerator are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the refrigerant tables (Tables A-12 and A-13),
F =0.14 MPa UJI =246.36 kl/kg

T, =-10°C |5 =0.97236 ki/kg-K T
P, =0.7 MPa ,
7 - 50 }hz = 288.53 kl/kg
P,, = 0.7 MP
4 }hh = 281.16 kl/kg
5:.\' = '{I

P, =0.65 MPa |
T,=24C |

hy = hy = 84.98 kl/kg (throttling)

hy = hy g asec =84.98 kl/kg

Then the rate of heat removal from the refrigerated space
and the power input to the compressor are determined from

O, =il —hy)=(0.12 kg/s)246.36 — 84.98) ki/kg = 19.4 kW
and

W,, = nit(hy — k)= (0.12 kg/s)288.53 — 246.36) kI/kg = 5.06 kKW

11




(B) The adiabatic efficiency of the compressor is determined from

hy, —hy, 28116 - 246.36

= =82.5%
hy—h, ~ 288.53-246.36

Tle =

(c) The COP of the refrigerator is determined from its definition,

0, 194kW
W, 5.06kW

mn

CoP, = 3.83

Travail a domicile :

A refrigerator with refrigerant-134a as the working fluid is considered. The power input to the
compressor, the rate of heat removal from the refrigerated space, and the pressure drop and the rate of heat
gain in the line between the evaporator and the compressor are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the refrigerant tables (Tables A-12 and A-13),

h, =246.36 kl/kg
T 2/

fimlao i } s, =0.97236 kikg K 0.95 1 1MPa
' v, =0.14605m" /kg MPa :
. _
P, =1.0 MP: Wi
2 : lhl_\. — 289.20 kl/kg !
§1¢ =51 J 3
= ; /
P =0 MPa L e =93.58 KI/kg . /
Iy =30°C T ~"0.14 MPa
N 0-15 MPa w e
h, = hy =93.58 ki/kg (throttling) e 10
T, =-18.5°C | P; =0.14165 MPa / O J1s.5°C
sat. vapor | hs =239.33 klikg 5

Then the mass flow rate of the refrigerant and the power input becomes

¥ £
=Y O30 mME G 63423 kgss

v, 0.14605 m'/kg

Wy = il =iy )i e =(0.03423 ke/s)[(289.20 - 246.36) k)/ke]/(0.78) = 1.88 kW

(h) The rate of heat removal from the refrigerated space is
0, = rilhs —hy)=(0.03423 kg/s)239.33 - 93.58) kl/kg = 4.99 kW
() The pressure drop and the heat gain in the line between the evaporator and the compressor are

AP =P; - P, =141.65-140 = 1.65
and
Opain = mtlhy —hg ) =(0.03423 kg/s)(246.36 - 239.33) kl/kg = 0.241 kW
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