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D.44 A fuel oil has the following specifications:
H/C=1.7
MW =200 kg/kmol
LHViiquia = 42.5x10° kJ/kg
Heat of vaporization = 230 kl/kg

a)  Find the thermodynamically representative formula for the fuel, CyH,
b)  Find the stoichiometric air-to-fuel ratio, A/Fy,.

c)  Find the heat of formation of liquid fuel oil (kJ/kmol)

d)  Find the heat of formation of gaseous fuel oil (kJ/kmol)
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D.45 A constant volume vessel is charged with a stoichiometric mixture of methane and air.
The total pressure is 0.1 MPa and the temperature is 298 K before combustion.

%ombustion then occurs and the products are cooled to 1000 K. Assume complete
combustion. Determine the final pressure and the heat released in kJ per kmol of fuel.
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Propane, C3Hg, and air undergo rich combustion (¢>1) and produce products consisting of CO,,
Product
3.355%

CO, H;0, H; and N,. Using a dry gas analysis, the following product composition is measured:
o Volume Percent

CO,
CO
For these conditions, find:
a) The stoichiometric fuel-to-air ratio, F/Ay, for propane (CsHy).
b) The actual fuel-to-air ratio, F/A,, given the species and product concentrations shown

above.

c¢) The equivalence ratio.
d) If 5 kg of fuel are consumed, how much mass of water (kg) is produced in the actual
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D.43  Ethanol (C;HgO) is used to fuel an engine. The engine operates slightly rich (¢>1.0). A
dry exhaust gas analysis is made with the following mole fraction results:
yeo = 0.0489
yeoz = 0.1177
Other combustion products include H,0, N, and H,.

a) Find the balanced, stoichiometric reaction for 1 kmol of ethanol.
b) Find the balanced, actual reaction for 1 kmol of ethanol.

c) Find the fuel to air ratio for the actual reaction

d) Fmd the equlvalence ratio
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a) Find the partial pressure of the water vapor at state 1, P,;.
b) Find the temperature at which condensation begins.
c) Find the mass of the vapor at state 1, my;.
d) Find the mass of the vapor at state 2, m,,. You may assume that any volume taken up

by the liquid water at this state is negligible (i.e. the volume of the water vapor-air
mixture at state 2 is still 35 m®)

e) Find the total heat transfer for the system between state 1 and state 2.
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D.37 Hotair at 40 °C with 10% relative humidity passes through an adiabatic evaporative cooler. Water
is added as the air passes through a series of wicks and the mixture exits at 25 °C.
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a) Find the humidity ratio at state 1, o

b) Find the humidity ratio leaving the evaporative cooler, at state 2, i.e. o,

c) Find the relative humidity leaving the evaporative cooler, at state 2, i.e. ¢,

d)
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D.38 A flow of moist air at 100 kPa, 40 °C and a relative humidity of 31.68% enters a constant
pressure, steady flow device. This moist air is cooled in the device to an exit temperature of
25°C.
?‘:'IOOI—LPA / Pz =100k Pa.
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a) .~ Find the humidity ratio, @;, of the entering flow. (kg vapor per kg dry air)

b) Find the dew point temperature given the inlet conditions. Will water condense?

c) Find the humidity ratio, ®,, of the exiting flow. (kg vapor per kg dry air)

d) Find the specific heat transfer (kJ/kg dry air) required to cool the flow from the entering
conditions to the exiting conditions.
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D.35 A dehumidifying/heating unit operates at a steady state as shown below. The inlet conditions are
40°C, 100 kPa. The dry air mass flow rate is 0.1 kg/s. The moist air then passes over a cooling coil
and some water is condensed. The condensate leaves the unit at T, at m, = 0.00288 kg/s. The moist

air then passes through a heating unit, exiting at 20°C, 100 kPa and 37.3% relative humidity.

Mo eyl
' !
T, =40°C Py=Py
P, =100 kPa 0- o2 @ T3 =20°C
by =2 _ ¢3=37.3%
) T2
a) Find the humidity ratio at state 3, ms
b) Find the temperature of the moist air at state 2 (leaving the dehumidifier and entering
the heater).
c) Find the humidity ratio entering the unit, state 1.
d) Find the relative humidity entering the unit, state 1.
e) Find the rate of heat transfer across the entire unit, IQ3 (kJ/s).
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D.36 A closed rigid tank having a volume of{ 3 m3\initially contains moist air atH06°C;§44O kPé{and 41.1

—l

o

% relative humidity. Neglect the volume of any liquid that might be present in your calculations

below.

a)  Find the temperature at which condensation begins as the tank is cooled.
b) If the tank is cooled to 80 °C, determine the final tank pressure (kPa). (Assume no

i‘—)\,l'
nx S
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c) Ifthe tank is cooled to 20°C, determine the mass of water condensed out.
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D.34 A *cooling tower” is used to remove heat from the condenser water of a power plant. Water
enters at point 3 at 167 kg/s and 40°C and is sprayed in the upward flowing air. Liquid water
is collected and leaves the system at point 4 at 25°C. The inlet air conditions at point 1 and

outlet air conditions at point 2 are given. You may assume the tower is adiabatic and
ambient pressure is 101 kPa. Also, treat the water vapor as an ideal gas.

Pats = 10 Kpa
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a) Find the humidity ratio at points 1 and 2 (i.e. ®; and a,).
b) Find the mass flow rate of dry air through the cooling tower. You may assume
constant specific heats for air.
c) Find the mass flow of water that leaves at point 4.
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D.33  The moist air in a 150 m® vessel has a temperature of 25°C, pressure of 100 kPa and a
relative humidity of 53.8%. Assume water vapor behaves as an ideal gas.

a)
b)

©)

d)

(Dt O)Pz\

&5 612 71\

Top = T ok ‘7\/

PV portide pressore o ( vod>¢
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Find the dew point temperature. (7N Qcmm (,n- sore o8 dy e = v
Find the humidity ratio. Py satuaction prevswids

If the temperature is cooled to 10°C at constant pressure, calculate the amount of

water condensed.
Sketch the process described in ¢) on a T-S diagram, showing the initial and final

states as well as the path.
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D.32 A tank has two sides initially separated by a diaphragm. Side A contains 1 kg of
water and side B contains 1.2 kg of air, both initially at 20°C, 100 kPa. The
diaphragm is broken and the entire tank is heated to 600°C by the ambient which is at
700°C (i.e. the heat transfer comes from a source at a constant 700°C). You may
assume that air is an ideal gas with constant specific heats evaluated at 300K.

\ A\ A £__D
! However, use the steam tables for water.
\. \Lx) A

A ¢00°¢ = ¥1BK

a) Determine the volume of the entire tank.

b) Find the final total pressure (hint: this is the sum of the partial pressures)
c) Find the heat transfer into the tank.

d) Find the total entropy generation.
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D.30  Onekgofargonat27°C, 100 kPa, is contained in a rigid tank connected by a valve to another rigid
tank containing 0.8 kg of O, at 127°C, 500 kPa. The valve is opened and the gasses are allowed to
mix, reaching equilibrium at 77°(ﬂ Given MWar = 40 kg/kmol and MWq, = 32 kg/kmol,
determine:

a)  The volume of each tank (m®)

b)  The final pressure (kPa)

c¢)  The heat transfer to or from the system during the process (kJ). Assume constant specific
heats.

d)  The entropy change of the argon (kJ/K)
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e
D.31 Anmmnk is divided into two compartments by a partition. One compartment contains 7
kg of oxygen (0,) gas at 40°C and 100 kPa and the other compartment contains 4 kg of nitrogen (N5)

gas at 20°C and 150 kPa. The partition is removed and the gases are allowed to mix. Assume ideal gas

behavior and constant specific heats. R s 25493 Coon = 40
1 5 &

a) Determine the final mixture temperature (K) N ) ) S

b) Find the total volume of the tank (m?) KN = 2468 M '

c) Find the final system pressure (kPa)
d) Find the entropy generated in the process (kJ/K)

Q-uJ= 4l = 1"10 Cy ( T'L B I')) + ™ C\/-r\) (TL‘\‘ )
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D.29 A gas mixture consisting of CO, (mole fraction, ycoz = 0.8) and O, (mole fraction, yo, = 0.2) enters

a test section and expands .\ The inlet conditions, state 1, have P; =500 kPa (5 atm),
T, =700K and V; =3 m/s. At the exit, state 2, the pressure is 100 kPa (I atm). Assume constant

———

spec1ﬁc heats evaluated at 300 K.

V,=3m/s
pp=5atm Pa=
7,=700K I'atm
1
a)  Find the mass fraction of each gas
b)  Find the final temperature (T,) MW e = (DIMa1) + (Y320 = Y161
c)  Find the exit velocity, V, (m/s). o
W 4.01) "o, 1(310
: : )
M\(‘ - \ILM L ~ _X("‘ - .RLH V‘/\\,,)OL: 9 él @
- My 41 ¢l
~ “ : 5G|\
Lo(R)R k=L G s aenei = o laid v sl >
T‘ ) v ‘ .%"\'Gk .63‘7)4'[\ '\Q\)k’(‘s_%): ,@565
C s Smfiey( =
J M
. |0
T14700(—'?0* DOK’
f VI’L A.\ { \!Lz \ B ‘\J 1
AE = 0 hov g =) 2 ey 2wyt U]
i'Al’l",'ﬁ: C,a(r\“Tl) = ,%SC' (7ODo“!&\) = |87_S‘\Z;
VR YAV M s >
T oz Looo(m)e§T 10045 \“/\u]
e SS—— w4
el \_9.2(_)__,-/’—“’
\Jl = \I 2(!%76 3+ Oo'-\g’> ( \/ﬂ._\“,/wj >

DZ = ¢l W\/S'z




D G & N\dﬂuwexj

ME 221 Applied Thermodynamics
Fall 2010 , .
LU)M D>
A mixture of 60% helium and 40% nitrogen, by volume, enters a turbine at 1MPa, and 800K.
The mass flow rate of the mixture is 2 kg/s. The adiabatic turbine has an exit pressure of 100
kPa. Assume the turbine has an isentropic efficiency of 85%. Find the actual turbine power
(kW) and the actual exit temperature (K). Assume constant specific heats.
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D.27  Twdinsulated tanks A and B are connected by a valve as shown in the sketch below. Tank A has a volume of
I m® and initially contains argon (Ar) at 300 kPa and 10 °C. Tank B has a volume of 2 m® and initially
contains ethane (C,Hg) at 200 kPa and 50 °C. The valve is opened and remains open until the resulting gas
mixture comes to a uniform state. Assume constant specific heats.

: @ Av | | '. CHe
B T R @ V"’ Zm>
T, =lo°C R PARE T, = S0°C

P, = 300K Pa - P =200k Pa

a)  Find the final temperature of the gas mixture.
b)  Find the final tank pressure.
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A mixture of ideal gases in a container consists of 50% CHj, 25% CO, and 25% N, by volume.

D.26
The gas mixture has a total mass of 12 kg and is initially at 293 K. The fixed mass mixture is
then heated, at constant pressure, to 673 K. For this problem assume constant specific heats.
a)  Find the molecular weight of the mixture. Mo pmvi
b)  Find the mass fraction of each species. M btk PAL L
c)  Find C, for the mixture (kJ/kgK)
d)  Find C, for the mixture (kJ/kgK)
e)  Find the total heat transfer, Q, required to heat the mixture from 293 K to 673 K at constant
pressure for the mixture. (kJ)
f)  Find the total work, W, during this heating process. (kJ)
= > \ \/J = \ \
) M‘LJ i‘ 1 W = (S)( 16.043) 4 (. L) Y01 #(.2SK 28.013)
T 7777 Y‘ﬁ ) 12 \2¢ - )
VV]\A) } 26.073 r/o‘ f.ﬂ‘ W wl's 0= ‘_ny i ,Li/)'“ \e vl
3 2 %9
= 26.07 /o
s = W LS. o) 1 5)(uy)
) mpe M Sean) o )
) L M\ML 2 4.0 ’/' ot ; N\\‘CH\,, MV(CO‘L = «;_(7 d{ ‘LH'S),
) <‘ L\\;( Z8) —
Mg N4 == :S.zm'l, \ i
B - go (816 ¥ 167 L (1. 039)
~) ¢ s . a0 (2 g T
P mix (\n\( Cor =
C ¢ i Ml = l’g 3 \
\ i 3 S
) Loy L6 ST } t L, 16097 ( 143 )
N Tme Gy = L3077(13%Y)
L — —
~ . - - . R o) N = N 7_’ J
Q) ,QL = Ut Wy =l = Cp (T,- Vi ) 1331 ( 673~ 293} = 5)5.0 (llqu) —Wo {01
f s _ . . o ald - 365.6
Wow Ry -(ugay DG lhen ) oA (erien)

1 7 ( L

LJ = IL/N) Z \r » ( ( A \/,.) L!\'[ ()é !/. ‘\,



D awi & Ma\av\)eﬂ Therwo B 1214210

Il,l{) )09

\Hé) 139w jdead [\Upf\’ﬂ(g’ AAED ol ATENLLE 'A."T‘Osllg)f

@ S \/0\‘er @ swy @ g«ﬂv‘}uq @
= A2 MPa lo; 7MP‘,\ P- “'MPL\ = .\"Lf/‘(’a\
T= -22.31% $=.941% W= gg.82 h= 8882
S= 478 22737
\= 13697
2639 433
hyz €O awn k2737
278.6 16U\
| ’ W (AN
a) q L P 'Lﬂ‘w"— = \'\1_' \ 1\")1 =W, "N = 236.%47 - 27137
L Pomrg So¢

33,%? = L\g,b\?_ - 8%2.2737 =
q - jl = () = ,ox’({ﬂz.o - 382 - ﬁ 7,409 k@

% P ‘1' z yv\(\n 34\’\1,\ = .05‘(88.31'1—73«7) = 741‘! !/-\"/ \r\u)\,)ﬂ 0_\2)v 0{ S\,’G)WNV\

) Ay
d 74 ( }

CoP = —I: = —'Hﬂ -/ 4033
W 1.837




D ow ‘A)\ M o\ (XA} J/ (_///,

ME 221 Applied Thermodynamics
Fall 2010

Due MonN 10- 15

D.25 A 100 m’ storage tank contains fuel gases at 20 °C and a total pressure of 100 kPa. The gases
consist of methane (CHy), propane (C;Hg), and butane (C4H,g). A test shows that the partial
pressure of the methane is 15 kPa and that of the propane is 65 1@
\J ~_

a)  Find the mole fraction for each of the three species.
b)  Find the mass of each of the three species in the tank.
¢)  Find the mass fraction of each of the three species.

d)  Find C,, for the mixture. (kJ/kgK)
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D.24 A gas mixture contains 5 kg of 02, 8 kg of N2 and 10 kg of CO2. Find (a) the mass fraction
of each component, (b) the mole fraction of each component, and (c) the average molar mass
and gas constant of the mixture.
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D.23 The air conditioner in your car is modeled with a vapor compression refrigeration cycle using R-134a.
Refrigerant enters the compressor at 200 kPa and is compressed to 1200 kPa, 60°C. Note that the
compressor can be considered adiabatic but not reversible. The required compressor inputis 1.5 kW.
Assume saturated vapor entering the compressor and a saturated liquid leaving the condenser.

a) Sketch the T-S diagram for this cycle, labeling the states and assumptions for each of the four

processes.
b) Find the mass flow rate of the refrigerant. (kJ/kg)
c) Find the capacity of the system (i.e. the heat transfer rate through the evaporator). (kW)
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D22. A refrigerator using R-134a as the working fluid has a minimum temperature of -12°C and a
maximum pressure of 1 MPa. The actual adiabatic (non-isentropic) compressor exit
temperature is 70 °C. Assume no pressure loss in the heat exchangers»and a cycle with

a)
b)
©)
d)

saturated vapor entering the compressor and a saturated liquid leaving the condenser.

—

Sketch the T-S diagram for this refrigeration cycle, labeling the states.

Find the specific heat transfer from the cold space. (kJ/kg)

Find the specific heat transfer from the hot space. (kJ/kg)
Find the required refrigerant mass flow rate for 1 ton of cooling. (kg/s)
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D.21 A steam power generation system operates using a Rankine cycle. The water leaves the boiler as a
saturated vapor at 3.5 MPa. The working fluid leaves the turbine and enters the condenser at 10 kPa.
The pump has an isentropic efficiency of 80% and the turbine has an isentropic efficiency of 85%.
Both can be considered adiabatic. You may assume a constant pressure boiler and condenser.

a)  Find the actual specific pump work. (kJ/kg)

b)  Find the actual specific turbine work (kJ/kg) |

¢)  Find the actual specific heat rejected from the condenser (kJ/kg)
At Vupol
it Vo

4 Soj\-\'fl{ Q \'5) \Lﬁh
@ L Co P- ZQN\PO\ P:BSMF@ P:]O\Lpb\
H_)O h= 2303 S5 6Ty |
* 3= 6-124 -
/C\ L) g, = lAL‘L‘l s Va P S
! ‘ Py
0\> 'wl - ‘YT,- ) (Aomom)(\o -3500) = Fq‘qlq \QA(J
7?% TR
G Z Yu. = 300 Sy = 193 + (3 2392) = 19338
b) G = .eMaT X%(TU‘ 149¢) 4s :
e
12803 - 13239 .38 = | 735.3 k3 (
My ::V\SQ“B‘M ; (F395=1 ) ii

9 k“_t"\
. _ :7_3(),& = \ ’I?‘)]C \)’1,

= 2803-716.73 - w068

P
o
\



Oww f 7//»\/ [0- 1 =\ 0 C{>

ME 221 Applied Thermodynamics
Fall 2010

D.20 A steam power system operates using a Rankine cycle with one closed feed water heater. l The steam leaves
the boiler at 5 MPa, 900 °C and expands isentr opically to the condenser temperature of 45 °C\ Steam is
extracted athlP—_zifm the feed water heater (state 7). Assume isentropic pumps and turbine and satuxated

— liquid entering the pumps (state 1 and 3). Also assume state 4, 5 and 9 are f[he same\and at a temperature
0f 200 °C. JYou may also assume a constant pressure boiler and condenser and an adiabatic FWH. Do not
interpolate in the steam tables, simple chose the state with the closest values.

6
Boiler
Mixing
chamber |, ,
s 9
Rl ol
2
Condenser
1
Pump IT Pump I
Y a) Sketch the T-S diagram, labeling the states.
g g
V' b) Find the quality entering the condenser (i.e. xg).
q
v ¢) Find the specific pump work for pump 1 (kJ/kg)
< d) Find the specific pump work for pump 2 (kl/kg)
e) Find an expression (not a value) for the turbine work per kg of steam through the boiler (i.e.
W m
—— ). Your answer should be in terms of enthalpies and the fraction y, where y=—L .
m P # a 7
6 6
— 1) Find the fraction of steam, y, extracted for the FWH relative to the steam in the boiler (i.e.
Tt
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D.18 A steam power system operates using a Rankine cyclqygath reheat. The steam leaves the boiler at
( 6 MPa, 450 °C and expands isentropically tg/0.6 MP4 where it is reheated at constant pressure to

400 °C. The steam is further expanded to 15 kPa at which point it enters the condenser. Assume

a isentropic pump and turbine and saturated liquid entering the pump. You may also assume a
constant pressure boiler and condenser.

Boiler

Condenser

Pump

a) Find the quality after the high pressure turbine (i.e. x4).
b) Find the quality after the low pressure turbine (i.e. X).
c¢) Find the specific pump work (kJ/kg)

d) Find the total specific turbine work (kJ/kg)

e) Find the total specific heat into the boiler (kJ/kg)
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An ideal (i.e. isentropic pumps and turbine) steam power system operates on a Rankine cycle
with regeneration using an open feedwater heater. Steam enters the turbine thS\ MPa and SOOjC;
‘and enters the condenser at/ 10 kPa.\ A portion of the steam is-extracted from the ﬁii;binéé{ 0.5 \

\MPa\for use in the open feedwater heater. Assume anadiabatic feedwéf@r heater and that the”

a)
b)
c)
d)

feedwater leaving to pump 2 is a saturated liquid (i.e. x3 = 0). Also assume a saturated liquid
leaving the condenser (i.e. x; = 0).

Bailer

.

(o] e

i V';z. Pump
Wor

Sketch the T-S diagram, labeling the states.
Find the specific work of pump 1. (kJ/kg)
Find the quality of the bleed steam into the FWH (i.e. x¢)

Find the fraction of steam extracted for the FWH relative to the steam in the boiler (i.e.
7 )
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A

D.17 Consider a steam power plant operating on the ideal Rankine cycle. The steam enters
the turbine at 3 MPa and 350 °C and is condensed in the condenser at a pressure of

10 kPa. Assume isentropic pump ang_g?buﬁ} Determine:

a) The thermal efficiency of the plant at the given conditions.
b) The thermal efficiency if the steam is superheated to 600 °C instead of 350 °C.
c) The thermal efficiency if the boiler pressure is ralsed to 15 MPa while the turbine

inlet is maintained at 600°C.

\

?’ 7 //"( Be sure to comment on the impact of the change in b) and i)o/nthe turbine inlet and/or

~outlet conditions.
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D.16 Air at 22 kPa, 220 K, and 250 m/s enters a turbojet engine in flight at an altitude of
10,000 m. The pressure ratio across the compressor is (12 The tmbme&@}
temperature 1s@p__@nd the pressure at the nozzle exit is 22 kPa. The diffuser an
nozzle processes are isentropic, the compressor and turbine have isentropic
efficiencies of 85 and 88 %, respectively. There is negligible pressure drop through
the combustor. Assuming constant specific heats and P4s = Py (at the turbine exit),

determine
a) The pressures and temperatures at states 1 through 4.
b) The velocity at the exit of the nozzle, V..
G L N ©,
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D.13 Air enters the compressor of an ideal air-standard Brayton cycle at 100 kPa and 300K. The compressor
pressure ratio ‘ISUhE turbine inlet temperature is 1400 K. Assume isentropic compressor and turbine.

Assume constant specific heats (i.e. C,=0.717 kJ/kgK, C, = 1.004 kJ/kgK, k = 1.4).

Ty= 1400 K

A Sen
a) Find the temperature after the compressor. (K).
b) Find the temperature after the turbine. (K)
c) Find the specific compressor work (kJ/kg)
d) Find the cycle thermal efficiency.
e) A two-stage compressor is now used with an intercooler between the two stages of compression.

Stage I compresses the air to 300 kPa (i.e. P, = 300 kPa) and stage 2 compresses the air to the
final pressure of 1000 kPa (P, = 1000kPa):

pa = 1000 kPa
=

QOU!
The intercooler, which is a simple heat exchanger, can be assumed to be a constant pressure device
which cools the compressed air to Tyq = 300K. Find the total required work for this two stage

compressor (kJ/kg).
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An engine is to be modeled with an ideal “dual” cycle using air as the working fluid.
The dual cycle is one where the first part of the energy addition is modeled as
constant volume and the second part as constant pressure. Assume that 2/3 of the
energy is input as constant volume (qa3 = 2/3 q;,) and 1/3 of the energy at constant
pressure (qs4 = 1/3 ;). The conditions at the beginning of the compression process
(state 1) are 90 kPa and 293 K. The engine has a compression ratio of 7 and the
temperature at state 3 is 2900 K. Assume ideal gas behavior and constant specific
heats evaluated at 300K.

b4
Find the temperature and pressure at the end of compression (K)
Find the temperature after the constant pressure heat addition, Ty (K)
Find the temperature after expansion, Ts (K)
Find the thermal efficiency
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Test Notes—Hour Exam I

Definitions:
h=u+Pv
Cp :(8h/8T)p , ¢,=(0u/aT),, k:cp/c

v

Tds = du +Pdv = dh — vdP

Ideal Gas Relations:

ME221
Drallmeier
Fall 2010
D- P oolowms | =12 7

Pv=RT ,R=R/MW (R=8.314 kJ/kmol-K, MW = molecular weight)

h ,u,c ,c, =functions of temperature only

p b

du=c dT,dh= ¢,dT (any process)

P % v
.0 o 2 . 2 _ r,T2
8, —S, =8, —8y, —RIn[—P S —
1 1 LT Js—constant

S, —§ =¢C ln[%J —RlIn (%] (constant specific heats)

P
1 1

s, —s§; =¢,In [%] +RIn (%) (constant specific heats)

1 1

Isentropic Processes (constant specific heats):

Pv* =Constant

K k. - k-1
B (VM) (L) L _(M) _(R)Y vi_
P, (V, T, T, Vv, P,/ 7V,

Polytropic Processes

Pv" = Constan t W, = (%J(Tz -T,)
-n

(s

1
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Fixed Mass Systems:

8Q—-0W =dE
E=1/2mv’+ mgz+U
S, —S —}5Q+S
2 1~ ) en

1 T g

x=@u-u)+P (v-v,)-T,(s-s,)
Weey =m(X; —X;)

Open Systems:

1Q2 _1W2 :Ez"El

W= dev

dE . . \& ) V2
®.=Q,-W, +m, (h +—+ gzj —m,, (h +—+ gz}
dt 2 in 2 out
If isentropic: W= IVdP
dScv i Q, .
= Z m;, Sip— Z Mo Soue T Z_+ SGEN Moy (557
dt in out T; ‘ [

y=(h-h,)-T,(s—s,)+1/2V?

WREV = Zml"”l _Zrhe\lue

Efficiencies:
T,
Myax =1-—F
MAX T,
N = —VACT_ (15t Law Efficiency); 1, =
Energy,,
_ Wer _ (h1 —h, )ACT
isen,t
WISEN (hl _hZ )ISEN

Wisen _ (hl —h, )ISEN
Wicr (h, —hz)ACT

T]isen,p = T]isen,c =

r VvV, -V,

Wer (2nd Law Efficiency)
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D.4 Air enters a compressor 4t 100 kPa and 25 "g} The air is compressed td lMPa where it

exits the compressor aﬁ 540 K he compressor is hotter than the ambient surroundings
due to the compression process Hence 50 kJ of heat per kg of air is transferred to the
ambient which is at a temperature of 25 °C. Assume ideal gas behavior and constant
specific heats evaluated at 300K.

a) Find the actual compressor work given the measured states

b) Find the minimum required work into the compressor given the measured states

¢) Find the 2"! Law efficiency (i.e. exergy based efficiency) of the compressor.

d) Another method to define the performance of this compressor would be relative
to an isentropic device. Find the isentropic exit temperature of the compressor
given the same inlet conditions.

e) Find the isentropic efficiency

Vst s 1213 Kk
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D.5 ‘A mixture of gasoline and air has an energy release upon combustion of approximately
( 2800 kJ/kg of the mixture. To approximate an actual spark ignition engine using such a
mixture, cons1del an ‘Otto cycle that has a heat addition of& kl/kg of ai ait, a
compression ratio of |7 fand a pressure and temperature at the beginning of the
compression process of 90 kPa and 10°C. Assume ideal gas behavior and constant

specific heats evaluated at 300K.

a) Find the maximum pressure and temperature in the cycle (kPa, K).
b) Find the thermal efficiency of the cycle.
c) Find the net specific work from the cycle (kJ/kg)

d) Find the mean effective pressure for the cycle (kPa)
, 2) p- 10.05%¢ Q
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FIG. 1.36 Variations of the Brayton cycle.
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A Miller cycle can be used to model an engine that has a longer expansion process than the
compression process, as shown in the pressure-volume diagram below. This difference in
compression and expansion ratios can be achieved using variable valve timing such as in the
Toyota hybrid system. For the problem below using air, the inlet temperature and pressure at
state 1 are&283 IZ\and 90 kPa,\{'espectively. The constant volume heat input is(Lé@
The compression ratio (i.e. Vi/V,) is 7 whereas the expansion ratio (i.e. V4/V3) is 1.5 times
larger, i.e. V4/Vs = 1.5(V,/V,). Assume ideal gas behavior and constant specific heats
evaluated at 300K.

s = constant

Process 1-2 and 3-4 are isentropic

Process 5-1 is constant pressure

>

b 4

Find the temperature at the end of compression and the compression work, ;w, J
Find the temperature after the constant volume heat addition, T3 \)

Find the temperature after expansion, T,

Find the expansion work, 3w,

Find the pressure after expansion, i.e. P,

Find the temperature after the constant volume heat rejection process, i.e. Ts

Find the work during the constant pressure process, state 5 to state 1. (kl/kg)
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D.11 An ideal Stirling cycle uses 0.12 kg of air as the working fluid. The lower
temperature at which energy is exchanged is 300 K while the upper temperature is
557000 K. /Alr Isa iS_()_lﬂ)_eyat the beginning of compression and the peak pressure
“is 3 MPa. Assume that an ideal regenerator is used. Determine a) the energy
captured and supplied by the regenerator, b) thernet workofrom the cycle, ¢) the
thermal efficiency of the cycle. Assume constant specific heats.
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@ T - 300k 2 =3 00l @T: 700\ T= q o L
P =3 WPa fg - P
A Rair= ,2870
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D.6 A spark ignition engine is to be modeled using an (1'652116@ The working

fluid, air, is at 95 kPa and 290 K before compression. The compression ratio is 9 and
the maximum temperature is 2000 K. For the calculations below use variable
specific heats (Do not interpolate, enter the table by choosing the value in the table
closest to your calculated value).

a) Find the pressure and temperature at the end of compression.
b) Find the required heat input into the cycle on a specific basis.
) Find the net specific work from the cycle.
d) Find the cycle thermal efficiency
e) Find the maximum pressure in the cycle as predicted by the model.
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D.7 An Otto cycle is to be used to model an engine cycle. All assumptions of the ideal
Otto cycle are to be applied except a polytropic process with n = 1.3 will be used for
the expansion process. The conditions at the beginning of compression are T; = 333
K, P; =90 kPa and the compression ratio is 8. The energy input into the cycle during
the constant volume process 19:26()\0kl/1§g Assume constant specific heats.

il
a) Find the temperature (K) and pressure (kPa) after compression i
b) Find the peak temperature of the cycle. (K) d | Thl M <)-2
c) Find the temperature at the end of the expansion process. (K) | ! ~I -y
d) Find the expansion work (kJ/kg) z \ :[
e) Find the net heat transfer for the cycle (kJ/kg) .
e SY 3 ¢ G
O poqnte BT NHHD N B
= P=vk T = %5 T= 35541 r=4
T = 333K
L , _ VR S 2.y — ,
(A} | SO /) L ‘»/.)-'-/(j)f-—' 53\ o~ \l; T,( \;b) - 333 I (?) = /3(_@ k |/
5 ()(yj ))<_ et (" <Nl cu o
R R(R )" = Soen 97 Sigsuun]
b) \'/qu\ﬂ ! 1w LCF ., — u,\)‘-qz — C\/( r?-TL) Tg 2 E;— & Tl = 117 165 =3 7“4/;
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? D " pj . /V? ) /\_ ({) v< w1 R,
AR A R U R A
Tq \\,;’ W - ryA-) ) 0.3 —‘r A
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D.§ The processes within an engine are to be modeled using an ideal Diesel cycle with a

compression ratio of 14.84. The cylinder has a volume of 0.0005 m® before compression
(state 1). Atthis state (state 1) the temperature is 300 K and the mass of air is 0.001 kg.
Energy, equivalent to 1.386kJ,is added to this ideal Diesel cycle as heat addition. For
the calculations below use variable specific heats (Do not interpolate, enter the table by
choosing the value in the table closest to your calculated value).

a) Find the temperature and pressure at the end of compression (K, kPa)
b) Find the temperature after the heat addition (K)
c) Find the temperature after expansion (K)
d) Find the total heat rejected from the cycle (kJ)
e) Find the thermal efficiency of the cycle
® & 3 @Y= 3371 €-g () J—
[0 OASIN _— . : . :
* s | T=840\4 ! ﬁ—“ M0\
T= 30 - N . | T )
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D.9 At the beginning of compression in al{@gl'cﬁggl_g@@ T=300K, P =100 kPa.
After combustion (heat addition) is complete, T = 1800 K. The cycle has a
compression ratio of 18.11 Assume ideal gas behavior but do not assume
constant specific heats (i.e. use variable specific heats).
a) Find the temperature after compression

b) Find the energy into the cycle y
¢) Find the temperature at the end of the expansion process. 2 3
d) Find the thermal efficiency. ¢
- -1 11
@ __ o ® deld
@ 7= 300l ® T-G420\ T= )80k @ | = R0 &
S0, P 0
()'\"‘)(‘" le P W= 932973 W 2230 w= 661.1%
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An adiabatic turbine operates using air at a flow rate of 5 kg/s. Air enters the turbine
at 550 kPa and 425 K. The measured conditions of the air leaving the turbine are 100
kPa and 325K. Take ambient temperature to be 298K and pressure to be 1 00 kPa.
Assume constant specific heats for air at 300K.

a) Find the exergy flow of the state entering the turbine.

b) Find the actual power from the turbine.

¢) Find the maximum power that could be extracted from the turbine given the

measured inlet and exit states.
d) Find the first law (thermal) and second law efficiencies.
e) Find the exit temperature if the turbine was isentropic, assuming the same exit

pressure.
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Air enters a steady flow turbine at 1600 K; 3000 kPa and the measured conditions at

the exit are 1000 K’and 100 kPa. The ambient temperature is” §298 K a) What is the
maximum work that could be extracted out of this turbine? (kJ/kg). b) What would
be the work output if the turbine was assumed adiabatic? For both parts, assume ideal

gas behavior but do not assume constant specific heats (i.e. use variable specific

h . ;
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D.14 A simple gas turbine system is to be modeled using a Brayton cycle. Air enters the
compressor at 100 kPa and 300K. The compressor has a pressure ratio of 10 and an
isentropic efficiency of 85% (i.e. nc = 0.85). Due to flow losses in the combustor the air
enters the turbine at 950 kPa and 1400 K. The turbine has an exit pressure of 100 kPa and an
isentropic efficiency of 88% (i.e. nr = 0.88). Assume constant spec1ﬁc Tats} (ie. Cy =
0.717 kJ/kgK, C, = 1.004 kJ/kgK).

a) Sketch the T-s diagram for the entire system including both the isentropic and actual
states for the compressor and turbine. Label the states.

b) Find the actual compressor work (kJ/kg).

c) Find the actual turbine work (kJ/kg)

c) Find the heat transfer into thq; combustor (kJ/kg) s ot
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D.15 Air enters the compressor of turbo-jet engine, modeled as an ideal air-standard Brayton cycle, at
85 kPa and 270 K. The turbine inlet temperature is 1200 K and the turbine inlet pressure is 800
kPa. Assume an isentropic compressor, turbine and exit nozzle. The ambient pressure is 80 kPa.
Assume constant specific heats (i.e. C, =0.717 kl/kgK, C, = 1.004 kJ/kgK, k = 1.4).

Fuel in
Compressor\ Combustor 1 pine 3

Airin

Turbojet engine

(VA

a) Find the temperature after the compressor. (K)

b) Find the specific compressor work (kJ/kg)

c) Find the temperature of the flow exiting the turbine (before the nozzle) (K)

d) Find the pressure of the flow exiting the turbine (before the nozzle) (kPa)

e) Find the temperature of the flow after the nozzle assuming it exits at ambient pressure. (K)
e) Find the exit velocity. (m/s)
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Air in a piston/cylinder arrangement undergoes a polytropic expansion process (i.e. Pv" =
constant) with n = 1.5. Initially the air is at 3 MPa and 3000 K (i.e. state 1) and the gas
expands to 1 MPa (state 2). Assume ideal gas behavior and constant specific heats
evaluated at 300K. Assume ambient (or dead state) conditions of 298 K and 100 kPa.

a) Find the temperature at state 2. (K)

b) Find the expansion work given the polytropic expansion from state 1 to state 2.
(kl/kg)

c) Find the heat transfer given the work and states 1 and 2 (kJ/kg).

d) Find the maximum work that could be extracted out of this process between states
1 and 2. (kJ/kg)

e) If the air was expanded isentropically from the given T and P at state 1 to the
pressure at state 2 (i.e. 1 MPa), find the expansion work. (kJ/kg)
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Alr in a piston/cylinder arrangement undergoes a polytropic expansion process (ie. Pv'=
constant) with n = 1.5. Initially the air is at 3 MPa and 3000 K (i.e. state 1) and the gas
expands to 1 MPa (state 2). Assume ideal gas behavior and constant specific heats
evaluated at 300K. Assume ambient (or dead state) conditions of 298 K and 100 kPa.

a) Find the temperature at state 2. (K)

b) Find the expansion work given the polytropic expansion from state 1 to state 2.
(kJ/kg)

c¢) Find the heat transfer given the work and states 1 and 2 (kl/kg).

d) Find the maximum work that could be extracted out of this process between states
1 and 2. (kJ/kg)

e) If the air was expanded isentropically from the given T and P at state 1 to the
pressure at state 2 (i.e. 1 MPa), find the expansion work. (kJ/kg)
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