M4X00386 Engineering Science 2
2017-18 EXAMINATION
MODEL ANSWERS


1. QUESTION ONE / Closed System: (10 marks)

Water
m = 5 kg












	




(5 marks)



(5 marks)





2. QUESTION TWO  / Open system, steady-flow process:  (20 marks)

 = 10C
 = 3 
Saturated liquid water

Mixing Chamber

Water,
Sat liquid-vapour mixture  

 

, 


 = 250C, = 300 kPa

Superheated water




Mass balance:




(3 marks)
Energy Balance:






(3 marks)
From thermodynamics tables:
· Table A-4:


(2 marks)

· Table A-6:


(2 marks)
Therefore,


(2 marks)
Knowing that,



· Table A-5:


(2 marks)
Thus,

(2 marks)
Finally,



With,
 
And,




(2 marks)
Hence,

(2 marks)
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3. QUESTION THREE  / Open system, unsteady-flow process:  (20 marks)

[image: ]T1 = T2 = Texit = 47C
    u1 = u2


WElec

Mass balance:



(3 marks)
Energy Balance:




(3 marks)
Air is an ideal gas and T1 = T2 therefore u=0 hence u1 = u2 = u, thus,





(5 marks)
From thermodynamics tables:
· Table A-17:


(4 marks)

Therefore,


The amount of air that has escaped is 6.53 kg.	(2 marks)

According to ideal gas equation:








According to Table A2 the gas constant for air is R = 0.287 kJ/kg.K, hence


(3 marks)
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transfer is negligible. 4 Air is an ideal gas with variable specific heats. i
N Properties The gas constant of air is R =0.3704 psia.ft’/Ibm.R (Table A-1E). The properties of air are
(Table A-17E)

T, =580R —— ;; =138.66 Btu/lbm

T,=580R —— 1, =98.90 Btu/lbm

T, =580R —— u, =98.90 Btu/lbm

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary.
Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy /# and
internal energy u, respectively, the mass and energy balances for this uniform-flow system can be

expressed as
Mass balance:

My = Moy = Amsystem — M, =1y — 1y

m
Energy balance:
Ein - Eout = AEsyslem 75 psia B
Net energy transfer Change in internal. kinetic, o
by heat. work. and mass potential. etc. energies 120°F
Wein —mohy = matty —myuy (since O = ke = pe = 0)
The initial and the final masses of air in the tank are
)% 75 psia )60 ft*
m =2t (_ ps‘i)( ) =20.95 Ibm
RE, (03704 psia - ft’ lbm-R |580 R)
) X% 30 psia )60 ft*
my =2 = (0 psiafoo °) =838 Ibm

RT, (03704 psia - ft* bm-R |580 R )





