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MAS3010 — Thermodynamics & Heat Transfer
AY22S1 — CA 1 Solution Guide

1. A completely reversible refrigerator is removing heat from a 4°C (T.) refrigerated space at
a rate of 5400 kJ/h (Qv) and rejecting the waste heat to the environment at 27°C (Tn). What
is the power consumption of the refrigerator (Win)?

COPg =
TH
T
_ @
Won = COPg,,

2. What is the power consumed (W) for a reversible and adiabatic compression of 2 kg/s (m)
of oxygen from 100 kPa (P1) and 50°C (T4) to 1.2 MPa (P2) and 355°C (T2)? Assume an
average temperature of 500 K.

reversible and adiabatic = isentropic, use n = k

__nRT, (PZ
M —1|\p,

(n—-1)/n
) - 1] = MCp,avg (T, — Ty)4
#

3. 250 ml (V) of hot tea (p» = 1000 kg/m3, ¢ = 4.18 kJ/kg-K) cools from 80°C (T1) to 27°C (T2).
What is the entropy change (AS) of this process?

m=pV

T,
AS = mcln—
14

4. Atank is filled with saturated moist air at 30°C (T) and the total pressure in the tank is 150

kPa (P). If the mass of water vapour in the tank is 800 g (my), calculate the mass of dry air

(ma).

saturated moist air, ¢ = 100%

Pg=Psat@T
P m
w = 0.622 O _my
P—¢F mg
ma—w#

5. An ideal gas mixture consists of 2.5 kmol (Nn2) of nitrogen and 4.2 kmol (No2) of oxygen.
Determine the specific heat at constant pressure (cp,m) of the mixture at a temperature of 350
K.

moz = 1\,021\402
mNz = NNZMNZ
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mfo = —moz
2 mg, +my,
msz =1- mfoz

cpm = Mg, X ¢ 0, + mfy, X CoNy

Using the mole fraction version to obtain specific heat per kmol is also acceptable but the
answer and values used must be in terms of kJ/kmol-K.

_ Noz
Y0: = Ny, + Ny,
YN, =1=Yo,

Cpm = yoz X Cp’()2 + yNZ X CPrNZ#

6. Carbon dioxide is compressed steadily at a rate of 1.5 kg/s () by an adiabatic compressor
from 100 kPa (P1) and 30°C (T1) to 500 kPa (P>). If the compressor consumes 185 kW (Wa)
of power during operation, calculate its isentropic efficiency (yc). Assume an average

temperature of 400 K.

- (PZ)(R—l)/k
2s 1 P,

CMRTy [P\ /7
Wl-senz—mn_1 (P_1) -1{,n=k
n, = Wisen _ Tth (TZS - Tl)

W, W, N

7. An inventor has developed a new heat engine that taps into a geothermal energy source at
150°C (Tw) while rejecting the waste heat to the environment at 10°C (Ty). It is claimed that
the engine produces 2 kW (Wout) of power with a heat rejection rate of 12000 kJ/h (Qv). Is

this claim valid?

e Qu  Wour + 0,

NTH,Carnot = 1——
Ty

0, < Ny camnot - €1aim s valid, otherwise, claim is invalid

Alternatively, comparisons between power produced and heat rejection rates are acceptable
as well.

8. 3.3 kg (m) of saturated liquid R134a at 600 kPa (P1) evaporates into vapour at 100 kPa (P2)
and 30°C (T2). Calculate the entropy change of R134a (AS).

S1 = st at pressure, P1 (saturated liquid)
s> = properties at T2, P> (superheated vapour)

AS =m(s, —S1)u



