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Thermodynamics | Class 2010-1 Midterm Exam

1)  Choose the correct answer and fill X into the answer sheet

Answer sheet for problem 1

No. |a |b |c |d |e |f
1.1
1.2
1.3
1.4
15
1.6
1.7
1.8
1.9
1.10

~

1.1) Find the absolute pressure of point C.
Let P, = 1 bar, oil density 800 kg/m®
and density of sea water = 1300 kg/m®
a) 118 kPa

b) 206 kPa
C) 306 kPa
d) 418 kPa
e) 518 kPa
f) 506 kPa

a)  0.001 kg/m®
b)  0.002 kg/m®
c)  877.3kg/m’
d  971.8 kg/m’
e)  786.7 kg/m®
f)  455.5 kg/m®
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1.3) Saturated liquid water 5 kg 200 kPa gage pressure is heated to be saturated
steam at constant pressure process. If the atmospheric pressureis 0.1 MPa, the
amount of heat transfer to the water is

a) 200.2 kd/kg
b) 400 kJ/kg

c) 216.38 kJ
d) 5.00k]

e) 10.819 MJ
f)  2163.8kJ

1.4) Saturated liquid-vapor mixture of 5 kg water at P = 0.2 MPa (absolute) with
quality x = 1.0 is condensed until the quality becomes x = 0.4. The amount of
condensate (liquid) change is

a) 1.0 kg
b) 2.0kg
C) 3.0kg
d) 4.0kg
e) 5.0 kg
f) 0.5kg

1.5) Airat P, =1 MPa absolute and 200 °C is contained in a closed airtight rigid
chamber. The whole system is cooled till the temperature drops to 40 °C. The
final air pressure in the chamber is

a) 1.23 kPa
b) 22.6 kPa
c) 123.8kPa
d)  287.0 kPa
e)  466.7 kPa
f)  661.7kPa

1.6) For gas A, the value of gas constant is 300 J/kg -K while the Cy, is 800 J/kg -K.
If the gas receives heat that make the temperature increases by 40 °C. Find the
change of the specific enthalpy of the gas.

a) 44.0 ki/kg
b)  33.0 kJ/kg
c) 22.0kJ/kg
d) 11.0 kd/kg
e) 5.0kJkg

f)  2.52 kJ/kg
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1.7) The refrigerant-12 at the temperature of 4°C and x = 0.3 enters evaporator and
leaves with the pressure at 0.32 MPa and 30 °C. The change of specific enthalpy

a) 149.47 kJ/kg

b)  39.76 ki/kg

C) 189.23 kJ/kg

d)  77.81 kJ/kg

e) 67.78 ki/kg

f) No correct answer

1.8) To estimate the property (y) of compressed liquid at given pressure and
temperature. We estimate the property by using

a) y= yg@T
b) Y =Yrer
C) Y= VYier
d) y= yg@P
6) y= yfg@T
f) y= yfg@P

1.9) We can assume that the pressure of the air is uniform in the storage tank because

a) the air is clear in color
b) air density is very high
c) air density is high

d) air density is light

e) the earth is large

f) the tank is closed

1.10) Superheated steam at 0.2 MPa absolute and 270 °C, the value of specific internal
energy is

a)  2971.00 ki/kg
b)  3071.80 ki/kg
c)  2731.20 ki/kg
d)  2808.60 ki/kg
e)  2200.78 ki/kg
f)  3011.32 ki/kg
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2. An ideal gas is heated in a piston-cylinder device. During the process, the pressure
changes from 100 kPa to 800 kPa according to the relation P =aV+b, where a = 1,220
kPa/m® and b is a constant. The final volume of the gas is 0.7738 m®. Then the gas is
heated further but this time the volume is kept constant to the final pressure of 1,200
kPa.

a) Draw a P-V diagram shows the process occurred.

b) Calculate the work done by the system in kJ using integration method.

Solution:

a) P-V diagram

P 2000

1000 1

b) Work done
W =" (aV -b)av
W :%v2 bV’
a
W :E(sz _Vlz)_b(vz -V)

W :(? (0.77387 ~0.2%) - (~144x(0.7738-0.2))

W =258.22k]
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3. A piston-cylinder device contains steam initially at 1 MPa, 350°C, and 1.5 m3.
Steam is allowed to cool at constant pressure until one-third of the mass of the steam
condensed. Show the process on a T-v diagram with respect to saturation lines (1
mark) and determine,

(a) the mass of the steam (1 marks)

(b) the quality (x) at the final state, (1 mark)

(c) the amount of work during the process, (3 marks)

(d) the amount of heat transfer. (3 marks)

(ﬂ?i‘VlNﬂ!@HNﬂ/lJﬁWnﬁluﬁl@lﬁ/lﬂ ﬂ75!‘?]81!ﬂf]N!ifH]iﬂﬂﬁN?fJ!mwﬁ'wf)W) 1 ASUHY)

A

1Wa T
Steam
Vi=15m?3 P = const.
P1=1 MPa —
T, =350 °C.
1Q2 y >
System Water in the Piston-Cylinder: Closed System: P= const
Assumption Neglect change in KE, PE
Analysis m =Viv

-1Q2 until %2 m condensed = mixture: X = Myap/m
W2 = mPy(vz - vq)
1Q2  =U2-U; +1W,

Solution
(a) Find mass of the steam:
State 1 P1 =1 MPa, T; = 350 °C, Table A-5 T; > T --> Superheated vapor
Table A-6 v, =0.2825 m®kg; uy = 2,875.2 ki/kg

V; = 15m

m =Vi/vi = (1.5 m*)/(0.2825m%/kg)

the mass of steam is 5.31 kg Answer
(b) Find the steam quality
State 2 P,=P;=1MPaand 1/3m condensed --> myz,= 1/3m
therefore; quality, X = myy/m =2/3=0.6667 Answer
(c) Find Work Boundary work: Process P =c; 1W, = mPy(v2-vy)
Table A-5 =0.001127 m¥kg; vy =0.19444 m3/kg

vz = Vf+ Xvgg =(0.001127 + 0.6667x 0.19444) = 0.1300 m*/kg
W, = (5.31kg)(1000 kPa)(0.1300 - 0.2825) m*/kg = -809.7 kJ
The work done on the system during the process is 809.7 kJ Answer
(d) Find Heat
1st Law: 1Q2 = m(Uz-Ul) +,W>
Table A-5  us =761.68 kJ/kg; up=1,822.0 kJ/kg
Uz = U + Xugg = (761.88 + 0.6667 x 1,822.0) =1,976.3 klJ/kg
m(uz-uz) = (5.31kg)(1,976.3 - 2,875.2) kIlkg = -4,772.7 kJ
then, 1Q2= (-4,772.7 KJ) + (-809.7 kJ) =-5,582.4 kJ
The amount of heat transfer out of the steam is 5,582.4 kJ ANSWEr  Sowmnac Pripren
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4. A steam turbine operates with 2 MPa absolute pressure and 400 °C at the inlet. The
steam exits the turbine at 40 °C and x = 0.9. The mass flow rate of the steam is 16 kg/s.
The turbine produces mechanical power by 1.1 MW. Neglect the kinetic and potential
energies,

a) write the energy balance equation of this turbine process,

b) determine the total enthalpy change in kW,

c) calculate the rate of heat loss from the turbine in kW.

-

—
—
-

Steam

Energy Balance Equation
1st Law: SSSF i !
gq+hl=w+h2 Qc_v_ ___________ ! WC.V.
Q=W + (H2-H1)

State 1 Superheated vapor

Turbine

P1 = 2 MPa
Tl = 400 C
hli = 3,247.6  kJ/kg
State2 =
T2 = 40 C
X2 = 0.9
Table A-4 at40 C
hf = 167.57  kJ/kg
hfg = 2,406.7  kJ/kg
h2 = hf+xhfg = 2,333.6  klkg
mdot = 16 kgls
Total Enthalpy Change = m(h2 - hl)
= - 14,624.0 kw

- 14.6 MW Answer
Determine heat loss

Wdot = 11 MW
= 1,100 kW
Q = - 135240 kW

- 13.5 MW Answer
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5. Refrigerant-12 enters the evaporator of an air conditioner at 200 kPa with a quality
of 25% at a rate of 2.1 kg/min and leaves as saturated vapor at the same pressure. Air
enters at 100 kPa and 28°C. It is required that the air leaves the evaporator at 16°C at
100 kPa. Assume air as an ideal gas and use constant specific heat at 300 K in the
calculation. State any assumption made(1 marks). Determine

(a) the mass flow rate of the air (in kg/min) and,
(b) the volume flow rate of the air at inlet (in m*/min).

(6 marks)
(3 marks)

(f)757’”07”@870!7]”@7@1/5111‘!@61(17’757 ﬂ?ﬂéllfl‘l‘!887\7!58U§88ﬂ\77€1!!ﬁ$ﬁu?)7@ !ﬂu@\‘iﬂﬂia‘fﬂﬂﬂ?‘lJﬂ?iWﬂ?iﬂH?W

ﬂmmum&)

System: CV The evaporator : R-12 and Air

Assumption: SSSF process;
QCV = O’ WCV = 0
and neglect AKE and APE

Solution:
1st Law:
0 0 0 o]
ch+zmi hi :ch+zme he
(o) [0} o) 0
[m, h +msh]=[m, h, +msh,]
(o] o) (0] 0 o) o)
ml=m2=mr;m3=m4=ma

ma(hy —h,) =m, (h, —h,)
Ma C, (T, —T,) =mi (h, —h,)

r(;‘]a _ r(;]r(hZ_hl) (1)
Cpa(TS _T4)

° R,T.
Vi=mMav,; Vv,=—22

)

3

AIR

P; =100 kPa

T3 =28°C

R-12
P1 =200 kPa
=25%

X1
mg = 2.1 kg/min @
L AIR

P4: P3

R-12-side data and calculations

Air-side data and calculations

State 1 mixture

P, = 200 kPa
X = 25%
m. = 2.1  kg/min
From Table A-12 at 200 kPa
he = 2457  kllkg
hyy = 1575  kJ/kg
hy = 63.945  kJ/kg
State 2 Saturated vapor: Tablre A-12
P, = 140 kPa
ho=hy 182.07  kJ/kg
m(h-h;) = 248.06 kJ/min

State 3 and 4 Ideal gas

P3 = 100 kPa
T3 = 28 C
T4 = 16 C
From table A-2 at 300K
Cp = 1.005 kJ/kgK
Cp(T3-Ta) = 12.06 kJ/kg
Substitute in equation (1) and (2)
Mma, = 20.57 kJ/min
R = 0.287 kJ/kgK
v3=RT/P 1.15087 m3/kg
Vot = MV = 23.67 kg/min

R-12
Sat. vapor

V Te=16°C P2 =P,

Answer

Answer

Sommai Priprem



