ENGR 251: Thermodynamics

Tutorial 8: Chapter 9
9-33C The thermal efficiency will be the highest for argon because it has the highest specific heat ratio, &
=1.667.
9-35 An ideal Otto cycle is considered. The thermal efficiency and the rate of heat input are to be
determined.
Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are

negligible. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJ/kg.K, ¢, =0.718 kJ/kg'K, and k
= 1.4 (Table A-2a).

Analysis The definition of cycle thermal efficiency reduces to P 3,
1 1
nth ZI—FZI—W:0.63O N » 4
The rate of heat addition is then 2 i 1
o
LW,
0, = ne _ 200 kW _ 318 KW

ne  0.630 v



9-42 A gasoline engine operates on an Otto cycle. The compression and expansion processes are modeled
as polytropic. The temperature at the end of expansion process, the net work output, the thermal efficiency,
the mean effective pressure, the engine speed for a given net power, and the specific fuel consumption are
to be determined.

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at 850 K are ¢, = 1.110 kJ/kg-K, ¢, = 0.823 kJ/kg-K, R = 0.287 kl/kg'K,
and k=1.349 (Table A-2b).

Analysis (a) Process 1-2: polytropic compression

n-1
y N
T, =T, [ij — (333 K)(10)'* = 6644 K 3
)
(2 " 13 Qin
P, =P|—| =(100kPa)10)'"* =1995kPa —
v, By
Process 2-3: constant volume heat addition 4
2
P, o
Ty =T,| = |=(664.4 K)(Mj =2664K Qou
P, 1995 kPa 1
qin=u3_u2=cu(T3_T2) v

=(0.823 ki/kg - K 2664 — 664.4)K = 1646 kl/kg

Process 3-4: polytropic expansion.

n-1 1.3-1
T,=1| 8| —@esax|L| =1335K
e vy 10

P, = P, [Z—TJ = (8000 kPa)(%jL3 = 400.9 kPa
Process 4-1: constant voume heat rejection.

Gout =t —u; =c, (T, =T, )=(0.823 ki/kg-K }1335-333)K = 824.8 kl/kg
(b) The net work output and the thermal efficiency are

Whetout = @in — Jour = 1646 —824.8 =820.9 kd/kg

Wnet,out _ 8209 kJ/kg _ 0

= 499
1646 kl/kg

Mn =

in
(c) The mean effective pressure is determined as follows

RT, (0.287 kPa -m3/kg~KX333 K)

v =—L= =0.9557 m’kg=v,,.
P, 100 kPa
Vinin =V2 = Vm;ﬁx
.
MEP = Vretout _ Wnetout 8209 ki/kg KPa-m’ ) _ g4 3 kpa
vi—vy  vi(=1/7) (0.9557 mikg)i-1/10)( kI



9-57 An ideal diesel cycle has a a cutoff ratio of 1.2. The power produced is to be determined.

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 kJ/kg'K, ¢, =0.718 kJ/kg'K, R =
0.287 kJ/kg'K, and k= 1.4 (Table A-2a).

Analysis The specific volume of the air at the start of the

L. P
compression is
RT;  (0.287kPa-m’/kg-K)(288 K
v, = KN _ (0287kPa-m" kg KYEBK) _ ) 071 13 i
P 95 kPa
The total air mass taken by all 8 cylinders when they are charged is
2 2
0.10 0.12 m)/4 v
m:NCylﬂ=Ncyl ABS14 _ (57 0-10m) (3 M4 _ 0.008665 ke
Yi Y1 0.8701m”/kg

The rate at which air is processed by the engine is determined from

mn _ (0.008665 kg/cycle)(1600/60 rev/s)
N

=0.1155kg/s

m=
rev 2rev/cycle

since there are two revolutions per cycle in a four-stroke engine. The compression ratio is

1
r=——=2
0.05

At the end of the compression, the air temperature is
T, =Tr*™" = (288K)(20)'*" =954.6 K

Application of the first law and work integral to the constant pressure heat addition gives
qin =, (T3 —T,) = (1.005 kJ/kg-K)(2273 - 954.6)K =1325 kl/kg

while the thermal efficiency is

1 rf- 1 12" -1

1- =1- =0.6867
P k(r, —1) 2041 1.4(1.2-1)

M =

The power produced by this engine is then

Wnet = mwnet = mnth 9in
— (0.1155 ke/s)(0.6867)(1325 k/kg)
=105.1kW



9-98 A gas turbine power plant that operates on the simple Brayton cycle with air as the working fluid has
a specified pressure ratio. The required mass flow rate of air is to be determined for two cases.

Assumptions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic
and potential energy changes are negligible. 4 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are

¢, =1.005kl/kgK and k=14 (Table A-2). T
Analysis (a) Using the isentropic relations, 1000 K 4 3
P (k=1)/k
T, =T, =% = (300 K)12)*""* =610.2 K 5
1)1 .‘C?
Z
(k=1)/k 0.4/1.4 Z 4
P 300 K- 4s
T, =Ty =- — (1000 K) =491.7K 1
P 12 s

3
Wy cin = hag —hy = ¢, (Ty, —T;)=(1.005 kl/kg - K )(610.2-300)K =311.75 ki/kg

Wetou =hs —hyg =c, (T3 =T, )=(1.005 kl/kg - K 1000—491.7)K = 510.84 kJ/kg

w = Wy tout — Ws.cin = 510.84—311.75 =199.1 ki/kg

s,net,out

. Wietout 70,000 kI/s
S w 199.1kI/kg

s,net,out

=352 kg/s

(b) The net work output is determined to be

Wanetout = Wa,T,out ~ Wa,Cjin = nr Ws.T,out ~ Ws,C.in /77C

=(0.85)510.84)-311.75/0.85 = 67.5 kl/kg

I’h _ Wnet,out _70,000 kJ/S
“w 67.5 kl/kg

a,net,out

=1037 kg/s



9-103 An aircraft engine operates as a simple ideal Brayton cycle with air as the working fluid. The
pressure ratio and the rate of heat input are given. The net power and the thermal efficiency are to be
determined.

Assumptions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic
and potential energy changes are negligible. 4 Air is an ideal gas with constant specific heats.

Properties The properties of air at room temperature are ¢, = 1.005 klJ/kg'K and k= 1.4 (Table A-2a).

Analysis For the isentropic compression process,

T, =Tr V' = 273K)(10)"4'* =527.1K

T
The heat addition is 1 3
. din
¢in = an _S00KW _ 509 kJ/kg 2
m lkg/s 4
Z
Applying the first law to the heat addition process, 173K % 4
1 Gout

in :cp(T3_T2)

Ty =T, +Im = 527.1K +
CP

S00KIkE oo
1.005 ki/kg- K

The temperature at the exit of the turbine is

| (k=1)/k 0.4/1.4
T, =T;| — = (1025 K)(—j =5309K
r, 10
Applying the first law to the adiabatic turbine and the compressor produce

wr = ¢, (Ty —T,) = (1.005 kJ/kg - K)(1025 - 530.9)K = 496.6 ki/kg
we =c¢, (T, ~T;) = (1.005 ki/kg - K)(527.1-273)K = 255.4 kl/kg

The net power produced by the engine is then

W =m(wr —we) = (1kg/s)(496.6 — 255.4)kl/kg = 241.2 kW
Finally the thermal efficiency is

Wit 2412kW

: = 0.482
0,  S00kW

N =



10-19 A simple ideal Rankine cycle with water as the working fluid operates between the specified pressure
limits. The power produced by the turbine, the heat added in the boiler, and the thermal efficiency of the
cycle are to be determined.

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

Analysis From the steam tables (Tables A-4, A-5, and A-6),

hy =hyg00kpa = 417.51kI/kg T
Vi =V @i00kpa =0.001043m% /kg
Wp,inzvl(PZ_Pl) 1K 3
= (0.001043 m?/kg)(15,000 — 100)kPa [—J
—15.54kJ/kg IkPa-m
hy =hy +w,;, =417.51+15.54 =433.05kJ/kg
P, =15,000kPa | h; =2610.8kJ/kg
x3=1 53 =5.3108kJ/kg-K s
Sq4—S —
P, =100kPa | x, =217 _53108-1.3028 _ o
S 6.0562
S4 = S3 ?

hy =hy +x4h, =417.51+(0.6618)(2257.5) = 1911.5 kJ/kg

Thus,
Wrou =h3 —hy =2610.8—-1911.5=699.3 kd/kg
Gin =hy —hy, =2610.8—-433.05=2177.8 kJ/kg
Gout =h4 —hy =1911.5-417.51=1494.0kJ/kg

The thermal efficiency of the cycle is

Gout 1494.0
—1—Fouwt _ 77T _0.314
Tih 2177.8

in



10-25 A steam power plant operates on a simple ideal Rankine cycle between the specified pressure limits.
The thermal efficiency of the cycle, the mass flow rate of the steam, and the temperature rise of the cooling
water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Kinetic and potential energy changes are negligible.
Analysis (a) From the steam tables (Tables A-4, A-5, and A-6),
hy =hrgiow. =191.81kJI/kg
VI =V @10k =0.00101 m’/kg T
Wpin = VY1 (P » — B )

p.in

1
= (0.00101 m3/ng7,OOO—10 kPa —kJ
1 kPa-m?

=7.06 kl/kg

hy =h+w,., =191.81+7.06 =198.87 k/kg

P, =7 MPa | hy =3411.4 kl/kg s
T, =500°C | s, =6.8000 kl/kg - K

P, =10 kPa S4—S _
A }x4: 4+ 7S _ 6800006492 oo

S 7.4996
hy =h; +x4hg =191.81+(0.8201)2392.1)=2153.6 ki/kg

S4 =S3

Thus,
Gin = hy —hy =3411.4-198.87 =3212.5 kl/kg
Gout = hy —hy =2153.6-191.81=1961.8 kl/kg
Woet = Gin — Qo =3212.5-1961.8 =1250.7 kl/kg
and
1250.7 kl/k
My = et = £ _38.9%
. 3212.5kJ/kg
W 4 k
®) o e _ 45.000K0s oo ks
Wy  1250.7 kl/kg

(¢) The rate of heat rejection to the cooling water and its temperature rise are

Oout = MG oy = (35.98 kg/s)1961.8 ki/kg) = 70,586 kl/s

Qout 70,586 kJ/s
: = —~=8.4°C
(7€) covlingwaer (2000 kg/s (4.18 kI/kg - °C)

AT,

coolingwater —



