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MCQs:
1. An air-conditioner is used to cool the air from T:°C to Tz°C at a steady rate of m kg/s. If the coefficient
of performance of the air-conditioner is COPr, what is its power consumption (W;,)? Utilize the

properties of air at 300K.
QL = mcp(TZ -T)

Qy , Qy
COoP, = —, W, = ——
R W T T CoR,,
Makeup CA:
. m(kg/min)
Q.= 60 X Cp(Tz -T)
Qy , Qy
cCoP, = —, W, =
R M/l'n = mn COPR#

2. Aninventor has developed a cyclical engine for use in winter climates that taps into a geothermal
energy source whose temperature is Tw°C while rejecting heat to the environment at
T.°C. It is claimed that the engine produces W, ... KW of power while the heat rejection rate is at

Q, kJ/h. Is this claim valid?

Nry = Wnet,out _ Wnet,out
TH = - = :
: g
O W o + 3585

T, + 273
Nri,carnot = 1 — T, +273

check: nry < ITH,carnot 4

3. Makeup CA: A Carnot refrigerator and a Carnot heat engine are operating between the same thermal

energy reservoirs. If the COP of the refrigerator is COPr, what is the thermal efficiency of the heat

engine?
Ty 1 cor, +1
COPz(C t) = , =1 =
w(Carnot) = — . 1, ~ '"cor, T "cop,
T,
77TH,Carnot - TH - COPR + 1#

4. m kg of steam at P1 MPa and T:°C undergoes isenthalpic expansion/compression and its pressure

drops/rises to Pz kPa. What is the total entropy change of steam?
Obtain values from property tables (steam):

Initial: hy,s, at given P, T,
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Final: interpolate s, using P,, h, = h,(** isenthalpic)
AS =m(s, —S1)«

5. Makeup CA: What is the power consumed for an ideal two-stage polytropic (n = n) compression of

argon gas at T:°C and P; kPa to Pz MPa at a rate of m kg/s?

, P,(MPa)
Fe= B >—500

n-1
nRT; (Px> n 1

1-n P_1

Win = 2m
#
6. Pressurized air is expanded steadily at a rate of m kg/s by an adiabatic turbine from P; MPa and
T:°C at the inlet to Pz kPa at the outlet. If the turbine produces W,,, kW of power, calculate the
isentropic efficiency of this turbine. Assume an average temperature of 177°C.

k-1
P\ F
Tys = (T, + 273) (P—>
1

T) — Wout
T me(T1 - TZS)#
Makeup CA (compressor):
mcp(TZS - Tl)
Me=—"r

Wiy

7. Arigid 30-litre canister containing m kg of nitrogen/oxygen initially at T,°C is left in the surrounding
ambient temperature at Ts,°C. What is the entropy generation after the canister has reached thermal
equilibrium? Utilize the properties of nitrogen/oxygen at 300K.

Tour + 273)

ASsys =m (C" = %73

Qi = mCu(Tsur - Tl)

_Qin
Soen = Aoy ¥ 7073
#

Makeup CA (piston-cylinder, vz/v; is given):

Qin = mcv(Tsur - Tl)

S _Qin
Tour + 273,

gen — ASsys +
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Long Questions:

8. A heat exchanger facilitates the transfer of heat between refrigerant R134a and river water. R134a
Qat T:°C and P MPa enters the heat exchanger and leaves as a saturated liquid. River water
(c = 4.18 kJ/kg) enters the heat exchanger at T3:°C at a rate of m,, kg/s and leaves at T+°C. The
surrounding temperature is at Tsu-°C and the refrigerant loses x % of its heat to the surroundings.
Assuming no pressure losses, calculate (a) the rate of entropy change of the river water, (b) the rate
of entropy change of the refrigerant, and (c) the total rate of entropy generation. State any additional

assumptions made.
a) Entropy change of river water:

T, + 273

A, = 1h,cln 2222
Sw=mwelng =T,

b) Entropy change of refrigerant:
Q,, = m,,c(T, — Ty)
Obtain values from property tables (R134a):
Inlet: hy, s, at givenT,, P
Outlet: h, = h;,s, = s at given P, sat. liq.
Heat transfer from refrigerant is split into two paths, one to river water, one to the surroundings.
Qu : Qu

QR=1_x=mR(h1—hz): ﬁmR:m

ASR = 1hg(s; =S4
c) Entropy generation;
Qloss = Xmpg (hl - hz)

Q loss

AS.,. =
sur T+ 273

Sgen = AS,, + ASg + ASg,,,
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9. Makeup CA: Superheated steam at P; MPa and T:°C from a boiler tank is steadily accelerated

through an adiabatic nozzle at a rate of zn kg/min. The exit velocity of steam at the nozzle is
measured to be vz m/s and the pressure at the exit is measured to be Pz MPa. Assuming that the
steam is stationary at the nozzle inlet, (a) calculate the temperature of steam at the exit, (b) the

isentropic efficiency of the nozzle and (c) the rate of entropy generation in the nozzle.
a) Obtain values from property table (steam):
Inlet: h,,s, at given P, T;

Energy balance:

2 2

1% %

hy=hoa+ = = hya() = hy(d) x 1000 — =

Using the property tables, T, is then calculated by interpolation using given P2, and haa.#
b) Obtain values from property table (steam):

Outlet: interpolate h, using P,, s,; = s;(* ideal nozzle)

Ny = hl - hza
N hl _hZS#

c) Obtain values from property table (steam):

Outlet: interpolate s,, using P,, h,,
Msy —MS,, + Sgen = 0

Sgen = m(SZa - 51)#



