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Problem 1. Four conditions of water and their states are listed in the table below.
Follow the steps below to 1dent1fy their locatlons in the P-v and T-v diagrams. (25%)

Point Tempe'rature, pressure and State
specific volume :
1 20 °C, 500 kPa, 0.001002 m*kg | Compressed liquid
152-°C, 500 kPa, 0.2 m3/kg Mixture of liquid & vapor; quality
0f 0.53
3 ’700 °C, 1400 kPa O 14302 Superheated vapor
3 /kg v . :
4 - 1300°C, 8581 kPa O 01762 Mixture of liquid & vapor; quahty
m’/kg 10f0.8

> Step 1: Sketch the saturated liquid line, saturated vapor line and critical point in a
pressure-specific volume (P-v) dlagram and a temperature-specific volume (T—v)
diagram. (6 pts)

> ‘Step 2: Sketch the constant-temperature phase change process at 20, 152, 200 and
300 °C in the P-v diagram. (6 pts)

> Step 3: Sketch the constant-pressure phase change process at 500 1400 and 8518
kPa in the T-v diagram. (6 pts).

> Step 4: Locate the four pomts in the P-v and T-v dlagrams (7 pts)

Pll ) ’ TA&

- Problem 2. The general energy equatlon on a rate form is known to be (25%):

,dt

= QCV == WCV + m;e; — Mmee, + Wflow in— M/flow out

Answer the questlons below
A. Explain the meaning of each term in the equation of the 1% law of
: thermodynam1cs above. (8 pts) _
B. Explain how the genéral energy equatlon on arate form above is expanded to
the followmg form: (5 pts) '
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dECV .
= Qcw. "‘WCV + (e + Piv;) — e (e, + Pov,)

1 1
. —QCV—'WCV +ml(h +2V2+gZ) me(h +2V2
+8Z.)
C. To the best of your knowledge, indicate in the 1mage below how each term in
the equation of the 1% law of thermodynamlcs in B is used to analyze the three

components in the power generation system below: (12 pts)

(a) ,
Air ir:et Compresson wheel
Air outlet 4‘% 3
(to engine) _Ki;( )’%‘é Turbine wheel ‘
Exhaust outlet %
Exhaust inlet {from engine)
discharginga
fluld from a
pressurized
vessel,

(©)

Problem 3. Refrigerators that produce refngeratlon are used in our daily life. A
household refrigerator and its components are shown in the i image (left). Answer the
’questlons below (25%) ;
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Ta .

0.8MPa
50°C

0.72MPa

s - oL
4 .\ 0.14MPa
’ -10°C

Source: Thermodynamxcs An Engmeermg Approach by Cengel & Boles

Ql Please indicate the components for their correspondrng processes, 1-2, 2-3, 3- 4
and 4-1, in the actual cycle of refrigeration in the 7-s diagram (right). (8 pts) .

Q2. Write out the equation to calculate the coefficient of performance (COP). (8 pts)

Q3. What thermodynamic properties do you need to determme for the equatlon of-
COP? 9 pts) : ~

Y

Problem 4. A container with two gas species, neon and argon are stored and separated
by a partition. The given conditions are shown in the i 1mage below. The molar masses
‘and specific heats of Ne and Ar are 20.18 kg/kmol, 39.95 kg/kmol 0.6179 kJ/kg °C,
and 0.3122 kJ/kg °C, respectlvely (25%) _

Ne = Ar’
100kPa 200 kPa
20°C - 50°C

. ng

Ql Estlmate mole number of each gas spemes in the container. (7 pts) S

- Q2. If the partition in the box i is removed and a heat loss takes place during the mrxmg

- process, how do you. srmply the 1%t law below to evaluate the mixture temperature
at its-equilibrium state? The first- law of thermodynamlcs for trans1ent processes is

“expressed as: (6 pts) :

Quetin = Waetow + D7y (his s VE +920) - itg(hos 5 VE + 925) = mig(uz +

’sz + gZZ) "m1(u1 + ‘V12 + 921)

7 Subscrlpts 1 and ) are states subscrlpts i and o are inlet and outlet, respectrvelyv
Q3. Using the srmply Calculate the m1xture temperature at its equrhbrlum state. (6. .
- pts) - :

Q4 Determine the mlxture pressure at its equlhbnum state. (6 pts) . .- =



