Thermodynamics worksheet for 2™ year Garment engineering
1. A steam power plant operates on a thermodynamic cycle in which water circulates through a
boiler, turbine, condenser, pump, and back to the boiler. For each kilogram of steam (water)
flowing through the cycle, the cycle receives 2000 kJ of heat in the boiler, rejects 1500 kJ of
heat to the environment in the condenser, and receives 5 kJ of work in the cycle pump.
Determine the work done by the steam in the turbine, in kJ/kg.

The first law requires for a thermodynamic cycle
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2. A piston—cylinder device initially contains 0.5 m3 of nitrogen gas at 400 kPa and 27°C. An
electric heater within the device is turned on and is allowed to pass a current of 2 A for 5
min from a 120-V source. Nitrogen expands at constant pressure, and a heat loss of 2800 J

occurs during the process. Determine the final temperature of nitrogen.



First, let us determine the electrical work done on the nitrogen:

1 klfs
W, = VI At = (120 V)(2 A)(S Xﬁﬂs}( ) =72k

1000 VA
The mass of nitrogen is determined from the ideal-gas relation:
P\ 400 kPa) (0.5 m*
po BV (ORPOST) .

RT,  (0.297 kPa-m*/kg- K) (300 K)

Under the stated assumptions and observations, the energy balance on the
system can be expressed as

E,—Ey = AF e
Nel enorgy Iransfor Uhamgs: i mabernal, Einotic.
Iy heat, weork, and mass polential, sie, energies

Woin — Qo — Wiow = AU
Woin = Qo = AH = m(hy — hy) = me(T; — T)

40

since AL/ + W, = AH for a closed system undergoing a quasi-equilibrium
expansion or compression process at constant pressure. From Table A-Z2a,
Cy 1.039 klkg - K for nitrogen at room temperature. The only unknown
quantity in the previous equation is T, and it is found to be

72k — 2.8KkJ = (2.245kg)(1.039 kJ/kg - K) (T, — 27°C)
T, = 56.7°C
3. Air enters an adiabatic nozzle steadily at 300 kPa, 200°C, and 30 m/s and leaves at 100 kPa
and 180 m/s. The inlet area of the nozzle is 80 cm?. Determine (a) the mass flow rate

through the nozzle, (b) the exit temperature of the air, and (c) the exit area of the nozzle.

\

P] = 300 kPa
TI = 200°C AIR F_ =100 kPa
V=30 m's Vo= 180 m/s
A =80cm?2

Properties The gas constant of air is 0.287 kPa.m® /kg.K (Table A-1). The specific heat

of air at the anticipated average temperature of 450 K is ¢ = 1.02 kJ/kg.°C (Table A-2).

Analysis (a) There is only one inlet and one exit. Using the ideal gas relation, the specific volume

and the mass flow rate of air are determined to be



RT, (0.287 kPa-m*/kg -K)(473 K)

v =—= =0.4525 m* /kg P, =300 kPa
A 300 kPa T, =200°C AIR P, =100 kPa
: | Vi=30mis —> _ V,=180ms
= — AV, = ————(0.008 m?)(30 m/s) = 0.5304 kg/s S0

v 0.4525 m’/kg

(b) 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

_ . A0 (steady) _
E EEII.I[ - Msys[em =0
‘—v—’ ;
Rate of net energy transfer  pgge of changeln internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eaul
. 7 ) ) . .
m(h, +V,2 12)=m(h, +V5/2) (since 0 = W = Ape = 0)
2 2 2 2
Vy = Vs =V,
0=hy —h + : > 0= pw(r -1+ —L
180 m/s)? — (30 m/s)? 1 kJ/k
Substituting, 0=(1.02 ki/kg - KT, — 200°C)+ ( m/s) ( m/s) 7g _
2 1000 m?/s?
It yields 7> = 184.6°C

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

RT £ . 3 - -
=y, (28 e g RUIBHO V2 E) oy
- P2 100 kPa
_ 1 AV, —> 0.5304 kg/s = 1

v, 1.313 m3/kg

A4, (180 m/s) — 4, =0.00387 m? = 38.7 cm?

4. The power output of an adiabatic steam turbine is 5 MW, and the inlet and the exit
conditions of the steam are as indicated in Fig below
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a. Compare the magnitudes of _Ah,_Ake, andA pe.



b. Determine the work done per unit mass of the steam flowing through the turbine.
c. Calculate the mass flow rate of the steam.

{a) At the inlet, steam is in a superheated vapor state, and its enthalpy is
P, =2 MPa
7, = 400°C
At the turbine exit, we obviously have a saturated liquid—vapor mixture at
15-kPa pressure. The enthalpy at this state is

h: = hy + xohy, = [225.94 + (0.9)(2372.3)] kl/kg = 2361.01 kl/kg

fi, = 3248 .4 kl/kg (Table A—6)

Then
Ah = hy — h, = (2361.01 — 3248.4) kl/kg = —887.39 kl/kg
Vi— V3 (180 m/s)* — (50 m/s)? ( 1 kJ/kg )
Ake = — = = 14.95
= 2 2 1000 m~/s” k3/kg
= 4 1 kJ/k
Ape = g(zz2 — z1) = (981 m/s”)[ (6 — 10) mj( 000 ,’;SSZ) = —0.04 kJ/kg

(H6) The energy balance for this steady-flow system can be expressed in the
rate form as

- N O (steady)
Ep — Eom = dE user/ dt = =0
R;nu: of net enerzy u—.uufet Rate of change in intemal. kinetic,
by heat. work. and maass potestial, otc.. energics
Ei.n - Eom
X A . . V3 - S
m\ h, + > + g7 = Wy + m| ha + _,‘ + 272 (since Q = 0)

Dividing by the mass flow rate m and substituting, the work done by the turbine
per unit mass of the steam is determined to be

vi—Vv?:
W = -[(hz — ) +T+g(z;—z.)] = —(Ah + Ake + Ape)

= —[—887.39 + 14.95 — 0.04] kJ/kg = 872.48 kJ/kg

{c) The required mass flow rate for a 5-MW power output is

W, 5000 kl/s
n = — = =573k
N w8724 K/kg s




5. A hot-water stream at 80°C enters a mixing chamber with a mass flow rate of 0.5 kg/s where
it is mixed with a stream of cold water at 20°C. If it is desired that the mixture leave the
chamber at 42°C, determine the mass flow rate of the cold-water stream. Assume all the

streams are at a pressure of 250 kPa.

H, O

T, = 42°C
(P =250 kPa) —

Assumptions | Steady operating conditions exist. 2 The muxmg chamber 15 well-insulated so that heat loss
to the surroundings 15 negligible. 3 Changes in the kmetic and potential energies of flud sireams are
negligible. 4 Fluid properties are constant. 8 There are no work interactions.

Properties Moting that T < T g 2 ke = 127.41°C, the

water in all three streams exists as a compressed Liguad, }-"'-_T';;“ \

which can be approximated as a saturated hiqud at the LT o

given temperature. Thus, > (P = 250 kPa)
by o= g e = 33502 kg T =42C

l*: — |rjl a e f3.9]5 kj.'];.g Tr.n-- 0°C #
*'. —i |r]| = v i |T5':|'|:|'1:J.'1g

Amalysis We take the mixing chamber as the system. which s a control volume. The mass and energy
balances for this steady-flow system can be expressed in the rate form as

f g g AD | e - - -
Mass balance: it — it = Al T = 0 —— ity + ity = i
Enerey balance:
= L _ - 0 {micadyi _
'En - En-'\.rl - 'll'ElgnI:rn =0
W e
Maic of mct crerpy Emaler Eaic of changs in inécrnal. knclic,
by beai. weork, anad mass polcniisl ol crcrpice
'Eln = 'Eud

dir by + wih, = mh, (since O = W = Ake = Ape = 0)
Combining the two relations and solving for m, gives

it by 4w b, =, + ain, i,

. h—h, .
it __J'J, h i,
Substiuting. the mass flow rate of cold water stream 15 determined o be

(33502 -175.90)klke
fir, = (05 kg's)= 0865 k
*T17590-83015)kkg . © |' b




6. Refrigerant-134a is to be cooled by water in a condenser. The refrigerant enters the
condenser with a mass flow rate of 6 kg/min at 1 MPa and 70°C and leaves at 35°C. The
cooling water enters at 300 kPa and 15°C and leaves at 25°C. Neglecting any pressure
drops, determine (a) the mass flow rate of the cooling water required and (b) the heat
transfer rate from the refrigerant to water.
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(a) Under the stated assumptions and observations, the mass and energy
balances for this steady-flow system can be expressed in the rate form as
follows:

Mass balance: My, = My
for each fluid stream since there is no mixing. Thus,
f.'i‘f] = J’i’i’: = F:"Ih-

iy = iy, = mg

. , 0 (steady)
Energy balance: E,, — E_, = dE syslfm."dfﬁ =0
Rate of net encrgy transfer Rate of change in internal, Kinetic,
by heat, work, and mass potential, eic., encrgics
Ein - Enut
mhy + mzh; = msh, + myhy (since O=0W=0ke = pe = 0)

Combining the mass and energy balances and rearranging give
m,(hy — hy) = mglhy — hs)

Now we need to determine the enthalpies at all four states. Water exists as a
compressed liquid at both the inlet and the exit since the temperatures at
both locations are below the saturation temperature of water at 300 kPa
(133.52°C). Approximating the compressed liquid as a saturated liquid at
the given temperatures, we have

h] = h_,l'-lﬂ' 15°Cc — 62.982 k.]-.lllkg

{Table A—4)
h: = .Iiifm- 5= 0 — 104.83 k]l'lkg

The refrigerant enters the condenser as a superheated vapor and leaves as a
compressed liquid at 35°C. From refrigerant-134a tables,

P, = 1 MPa
. h; = 303.85kl/kg  (Table A—13)
T, = 70°C

Py =1MPa
T, — 35°C hy = hy g 35:¢ = 100.87 kl/kg {Table A—11)
4 — I



Substituting, we find
i, (62.982 — 104.83) ki/kg = (6 kg/min)[(100.87 — 303.85) kl/kg]
m,. = 29.1 kg/min

(b) To determine the heat transfer from the refrigerant to the water, we have to choose a control
volume whose boundary lies on the path of heat transfer. We can choose the volume occupied by
either fluid as our control volume. For no particular reason, we choose the volume occupied by
the water. All the assumptions stated earlier apply, except that the heat transfer is no longer zero.
Then assuming heat to be transferred to water, the energy balance for this single-stream steady-
flow system

Control volume

boundary
] . - O (steady)
p— s p—
Ein — Eom — A E swstem,’ el = 0
Rake of et encrgy ransfer REatc of change J:Tin.h:rn:.u_ kKimctic.
by heat, work, and mass pobtential, etc_. energies

-E.in - -E--.'-ul.

O in + ity = m 1,
Rearranging and substituting,
Q. in = rit,, (Fiz — M) = (291 kg/min )[(104.83 — 62.982) ki/kg]

= 1218 KJ/mimn

7. Refrigerant-134a enters the evaporator coils placed at the back of the freezer section of a
household refrigerator at120 kPa with a quality of 20 percent and leaves at 120 kPa and
_20°C. If the compressor consumes 450 W of power and the COP the refrigerator is 1.2,
determine (a) the mass flow rate of the refrigerant and (b) the rate of heat rejected to the

kitchen air.



6,
A

Condenser
I )
L)
E:IE’;“S'G" Compressor =
Evaporator  |—+
120kPa ——— g~ 120kPa
x=02 . —20°C
o
Assumptions 1 The refrigerator operates steadily. 2 4 Q
The kinetic and potential energy changes are zero. X
Properties The properties of R-134a at the SIS
evaporator inlet and exit states are (Tables A-11
thr Ollgh A-13) Exlpansjon Mn
=120k vaive |
R =120kPa | I, = 6538 kikg Compressor —
x, =02 J
i T TI0N
Toacgee (2200 EIRE Evaporator
- 'Th i 120 kPa * 120 kPa
Analysis (a) The refrigeration load is ¥=0.2 ) 20°C

0, =(COP), =(1.2)0.45kW)=0.54 kW
The mass flow rate of the refrigerant is determined from
0, 0.54 kW
hy—=h,  (238.84-65.38) kl/kg

=0.0031 kg/s

’i’R=

(b) The rate of heat rejected from the refrigerator is

Oy =0, +W,, =054+045=0.99 kW

8. A heat pump is used to maintain a house at a constant temperature of 23°C. The house is
losing heat to the outside air through the walls and the windows at a rate of 60,000 kJ/h
while the energy generated within the house from people, lights, and appliances amounts to
4000 kJ/h. For a COP of 2.5, determine the required power input to the heat pump.



60,000 kl/h
4

/

Assumptions The heat pump operates steadily.

60,000

Analysis The heating load of this heat pump system is the difference between the kJ/h
heat lost to the outdoors and the heat generated in the house from the people, House
lights, and. appliances, 0,

Oy = 60,000 — 4,000 = 56,000 kJ / h @
Using the definition of COP, the power input to the heat pump is determined to be Cop=25

' 56,000 kI/h( 1kwW
in = o = 2 =622 KW COutside >
M COPyp 2.5 3600 ki/h



