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/ Question 1: [25 points]

Before the big game, Cal M.E. students were freezing Stanford’s footballs before kick-off with a
gas refrigeration system (this did not affect the outcome of the game). Air enters the isentropic
compressor of a gas refrigeration cycle at -10 degrees C and is compressed from 200 kPa to 800
kPa. The high-pressure air is then cooled to -30 degrees C with an internal heat exchanger -
before it enters the turbine. Draw this on a T-s diagram. Calculate: e =5 Qu
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Question 2: [20 points]

SID:

During the Big Game, it was clear that Stanford w i

_ . as lost and confused in their play-calli
generating more entrqpy than the Berkeley team). Derive a general relation for%ifst(e(r::nltl;% =
entropy changes (ds) in terms of ¢y, v, T, and P. Show each step in your derivation
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Question 3: [25 points]

The Stanford team, not being used to practicing outside their air-conditioned practice facility was
stricken by the scorching 70°F weather on Saturday. Let’s analyze their air conditioning unit:

The air-conditioning system operates at a total pressure of 1 atm and consists of a heating section
and a humidifier that supplies wet steam (saturated water vapor) at 100 degrees C. Air enters the
heating section at 10 degrees C and 70 percent relative humidity at a rate of 35 m*min, and it
leaves the humidifying section at 20 degrees C and 60 percent relative humidity. Determine:
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a) the enthalpy and specific humidity at states one and three and the specific volume at state
one (using the psychrometric chart)

b) the enthalpy at state two

c) the temperature and relative humidity of air when it leaves the heating section

d) the rate of heat transfer in the heating section

e) the rate at which water is added to the air in the humidifying section



14-80 Air is first heated and then humidified by wet steam. The temperature and relative humidity of air at
the exit of heating section, the rate of heat transfer. and the rate at which water is added to the air are to be
determined.

Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during

the entire process (m_; =m_, =m_). 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential

energy changes are negligible.

Properties The inlet and the exit states of the air are completely specified, and the total pressure 1s 1 atm.

The properties of the air at various states are determined from the psychrometric chart (Figure A-31) to be
by = 235 kT'kg dry air

e = 0.0053 kg H,O/kg dry air (= &)

v, = 0.809 m’ /g dry air | Sat.vapor
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Noting that @ = I =0, the energy balance on the humidifying section can be expressed as
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Solving for hy,
hy = hy —(@3 —@1)hg @100-c =42-3—(0.0087-0.0053)(2675.6) = 33.2 kl'kg dry air
Thus at the exit of the heating section we have an = 0.0033 kg H,0 dry air and hy = 33.2 kl'kg dry air,
which completely fixes the state. Then from the psychrometric chart we read
T, =19.5°C
iy = 37.8%
() The rate of heat transfer to the air in the heating section is
Q'._,._ =y (hy —h ) =(43.3 kg/min)(33.2 - 23.5) kl/kg = 420 kJ/min

(£) The amount of water added to the air in the humidifying section is determined from the conservation of
mass equation of water in the humidifying section,

m,, = (05 —@,) = (43 3kg/min)(0.0087 - 0.0053) = 0.15 kg/min
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Question 4: [25 points]

At a pre-game tea-party, Stanford M.E. students were puzzled as to the nature of water
vaporization. At. an .atmlospheric pressure of P; = 101.3 kPa, water boils at T;=100°C, the internal
energy of vapc;rlzation is Ug = 2087kJ/kg. At these conditions, water has a specific \;Olume of

v, = 1.6720 m’/kg estimate the temperature T, when P, = 50 kPa.

Mo = 18 kg/kmol
R, = 8.314 kJ/kmol-K

Q. = 16720 kg

o PN KPQ
Water bc;(tej temp - P,=tol:3 o
el o} e L™ 2087 A4
| tJ 3
: y ko ] ___U,'_:-S. ey
Mio™ 8 Yha  Ro 2B el R
| kel

(.\jf{: l“v\LLS‘J' 66'}‘;‘,;’,\&?& TZ LU[/LK N f)l = 5‘(‘_‘) KP{\

h'{ﬁ = (_/Lig + PV ,\,{f
= 720%] '5‘3;5 4 .l()l@ kPaY 16720 kj)

E
L\(j = 22C.Y a

U“:ﬁng C.\-CU«\S\L\S"' C\Qﬁ\)%\/rm\ ECLU«-E«"\ ch\:

.- )
\\i\ ’6‘ - . R 7 U 2 Jsat

m/'——.—‘“————"‘m
(= _ 254 Kk
"‘fim\\wz Bog T == | u= 201 ‘\



Name: ANSWER KEY
SID:

-

Question 67 ?5 points]

During the Stanford pre-game tea-party, a group of students were discussing partial differential
equations. They particularly had trouble with these questions:

6A...If dz = Mdx + Ndy, with M=3 and N=7 what is (_6.3] 7
¥
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6B...If (ﬂ) =9, what is (é—ﬂi) ?
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