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Instructions: This test contains 23 questions. The points available for each question are
indicated. This test is worth a total of 50 points. Show all work where appropriate. Partial
credit will be given. Little credit will be given for answers without supporting justification.

Answer all questions on the test paper. If you need more room, you may attach extra paper.

You may not finish the test in the allotted time. Therefore, you are encouraged to complete the

questions in any order that you choose.
Part I

1. List the three modes of heat transfer:

Con duction conveetewn (ad i ation
[3 points]
2. The ideal gas law is valid for gases under IO W densities, (O w pressures,
and_ hi i\ h temperatures relative to critical point properties. [3 points]

3. Write an equation that relates the ideal gas constant, R; the specific heat at constant

pressure, cp, and the specific heat at constant volume, c,. [1 point]

Cp ‘-‘-—CV 'fR (Or Ou\j a\ﬁeb‘mu‘( 61i&;V‘CL\€M'b\

4. An open system does not allow for mass to pass through the boundaries.

(TRUR(FALSEY; [1 point]

5. How many independent, intensive properties are required to completely define the state
of a pure, compressible system? A [1 point]

6. Atthe Tri p le Po nt , the solid, liquid, and gas phases coexist in equilibrium.

[1 point]



7. According to the Zeroth Law of Thermodynamics, two bodies are in thermal equilibrium
if they both have the same
a. Density
Temperature
c. Pressure
d. Specific Volume
e. All of the above [1 point]

8. What type of energy is absorbed or released during a phase change process? [1 point]

Latent

9. Energy has a tendency to become more ordered. (TRUE(F ALSE)} [1 point]
10. Iso ther )’V\CL\ processes occur at constant temperature. [1 point]
11. ACX{CLbat{ C processes occur when no heat is gained or lost. [1 point]

12. A reversible process will always have a higher efficiency than an irreversible process

ALSE). [1 point]

13. Reversible processes are real processes that can occur in nature (TR

[1 point]

14. An isentropic process occurs under constant e‘ﬁ"‘-rop Y . An isentropic process
is both O@ICL\DQ‘HC, and re»'efs"\b\(? . ) [3 points]
15. At what temperature is the entropy of a pure crystal equal to zero? [1 point]

ey )OO
Abselute zero (0 K, —a13°C, O R, —Hel {‘)
16. The specific heat at constant(PRESSUREIWOLUME) is always higher than the specific

heat at constant (PRESS [2 points]

17. What quantity is conserved in a polytropic process? [1 point]

P



18. The figure below shows a P-T diagram for a simple substance

its volume will inCrease

Pressure

Tempergture

19. The figure below shows the P-V diagram for an engine.
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. As this substance melts,

[1 point]

What type of process occurs between points 1 and 2? tsachoric

What type of process occurs between points 2 and 37

(T30 wlumetric, Tsometvic alo

QCU"\O*C‘L’“) [1 point]

IS‘OJ')QF\\C{

How much work is done by the engine in one cycle?

W=10 MPa~ 0.0006 m*
W = 10 X[0¢ P < G.0006w°

W= (600

[1 point]

[3 points]




20. The gage pressure of an automobile tire is measured to be 210 kPa before a trip and 220

21.

kPa after the trip at a location where the atmospheric pressure is 95 kPa. Assuming the
volume of the tire remains constant, and the air temperature before the trip is 25°C,

determine the air temperature in the tire after the trip. Assume air is an ideal gas.
Determine absolutc ?(e%lu’é belee + alter! ] [4 points]
=16 kP t QskPe = 305 |t

Bo= T
3& el‘ (¥ gV'N » .
i - 220KPe ¢ G5kPa= 315 KPa

Pz ?SQSQ\A Tlﬁzem

Since air assamed o be ideql ges and Wlune cnsteat,
7P

i —

T
Temperatures must be absolute (eg, in ke'\u.n)
T, = (25+213) K= A% K
305 ki 3B kR

293 K Ta
T, = 301-3K

The inner and outer surfaces of a 0.5-cm-thick, 2-m x 2-m windows glass in winter are

15°C and 6°C, respectively. If 20,000 kJ of heat is lost through the glass in an hour,

determine the thermal conductivity of the glass. [5 points]
Temperatue distabekion Viives l“"(aﬂj within 3[65 ‘

Q=kAg \
ci 1oe0d th o 55eW
Q= 'AOIOOO ’F;\:" . —kT" 3600 Sr;

oc-(°C
3 W: "’L{b)‘a!sc
5556 W= K- fn 0.065 m




22. An insulated rigid tank initially contains 0.7 kg of helium at 27°C and 350 kPa. A
paddle wheel with a power rating of 0.015 kW is operated within the tank for 30 minutes.
Determine the final temperature of the helium gas. The value of ¢, for helium is 3.1156
kJ/kg°C. [5 points]

Amount of wetk done on system by paddle wheel
W =W, Ak = 0.0IS KV ¢ 30min (895 _ 37 1<)

| Mmen
a“d de i E';ﬂ = Emu, = AESys-my\
W, = me, (To=T)
ATKY = ’l Ky « 3, 56" kj
T, =394 Z]

(T, -a1)

23. The figure below shows a roller coaster. The 900-kg car is released from rest at Point A.

When the car reaches point B, it has a velocity of 5 m/s.

. 117 m _
a. Determine the total energy of the car at Pomt A. 12 poinis)

t'fo ke <

= TE+KE =mah + v?
YA q00 K5 (Snl)
Em“ = 400 l<3«‘13\m[g'*, 7 m + ——’—1""“



b. Assume there are no frictional losses between Points A and B. Determine the
height, H, from which the car is released. [2 points]
Adep of b\, car 75 Stationary, V=0 —>KE=0
Se all eneryy is Potenhal eviesy '\t
Wilaw!  EEy+ES,
So 0494 o3 ) =900 kg1 mls™- f

I“:”%m!

c. When the car travels through the loop, it loses 150 kJ of energy due to friction.

Determine the velocity of the car at Point D. [2 points]

At point '?’ h=0 —> PE=0.

Se all Lnu’ﬁj s Kinete enec’saj

r)\“d L‘L‘*»’L‘ L:B:ED r Elm—“st)
(044 Ky = E, + [SO K]

So 4 K= "-‘5{3
e\
994 x[6> ) = B i

X

\fD:L‘lLL(G mls .




