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1. (15%) Water flows steadily through a horizontal device as shown in Fig. 1. At the inlet 1 the
diameter is D;=20 cm; at the outlet 2 the diameter is D;=10 cm. The flow rate is 0=0.02

m?/s. If the specific gravity (S.G.) of fluid in the U-tube is 11, what is the height difference
Ah in the U-tube? Note that p,_,. =1,000 kg/m’.

2. (10%) A ball is suspended in an air jet in a stable position as shown in Fig. 2. Experiments
show that the equilibrium height, A, of the ball is found to depend on the ball diameter, D,

and weight, W, jet diameter, d, and velocity, V, and the air density, p, and viscosity, 4.
(a) (2%) How many dimensionless parameters are obtained in this problem?

(b)(8%) Determine the dimensionless parameters that characterize this experiment.
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3. (15%) Air flows into the atmosphere from a nozzle and strikes a vertical plate as shown in
Fig. 3. A horizontal force of 12 N is required to hold the plate in place.
(a) (10%) Determine the velocity strikes the vertical plate.
(b)(5%) Determine the reading on the pressure gage. The flow is assumed to be

incompressible and frictionless.

f

.
p rJ'
—r - 12 N
§
I Area = 0,003 m?

Area = 0.01 m?

Fig. 3

('uwatcr= 1_2)(10'3 N'S/mz, pwater= 1,000 kg/m3, pair = 123 kg/m3, g; 9.8 m/Sz, Patm= 105 Pa)

4. (10%) For a two-dimensional flow field, the x and y velocity components are givenby u =

3x2 —3y? and v = —6xy (unit: m/s), respectively. Please answer the following

questions:

(a) (3%) Is it an incompressible flow? And why?
(b)(3%) Is the flow irrotational? And why?

(c) (4%) Please show the stream function for it.




503302 2 > mx \O z;
By 2BHRAE |4 LEFEEL9RAe XA

hAray MBI RETHAE

#t B:#A8RH

(3R 100 %) FIAREBELINERENERFES )

5. (10%) True or False questions

(a) (2%) Pressure is an extensive property because you can measure it externally.

(b)(2%) Compressibility factor Z equals 1 for ideal gas.

(c) (2%) Relative pressure P. = exp (SE) is valid only in an isentropic process of an ideal
gas.

(d)(2%) If operating at the same temperature difference between the heat source and the heat
sink, no real heat engine can have higher efficiency than a heat engine operating in a

Carnot cycle.

(e) (2%) In an adiabatic process, the system exchanges no heat with its surroundings.

6. (10%) Single choice questions

(a) (2%) Which of the following mechanisms cannot transfer entropy? A. heat convection,
B. mass flow, C. heat radiation. and D. work across system boundaries.

(b)(2%) A common approximation for calculating the properties of the compressed liquid
without precise compressed liquid data, such as the property tables, is to treat compressed
liquid as saturated liquid at the given temperature. This is because the compressed liquid
properties change more quickly with A. pressure, B. temperature, C. specific volume, and
D. none of the above.

(c) (2%) In a steady-flow throttling process of an ideal gas, which of the following properties
changes? A. pressure, B. enthalpy, C. temperature, and D. mass flow rate.

(d)(2%) Which process requires the most work for a compression process operating at the
same pressure limits? A. isothermal process, B. polytropic process, C. isentropic process,
and D. none of the above.

(e) (2%) Which steady-flow device cannot be isentropic even for an ideal situation? A. a

temperatures.
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7. (10%) A heat engine operates between two reservoirs at 700°C and 5°C. Two-thirds (2/3) of
the work output of the heat engine is used to drive a heat pump that removes heat from a
cold surrounding at 5°C and transfers it to a house maintained at 20°C. If the house's heat
loss is at a rate of 50000 kJ/h, please answer the following questions.

() (2%) Calculate the coefficient of performance of the heat pump.

(b)(2%) Calculate the thermal efficiency of the heat engine.

() (4%) Determine the minimum rate of heat supply to the heat engine to keep the house
temperature maintained at 20°C if the heat pump is operating at a Carnot cycle.

(d) (2%) The actual coefficient of performance of the heat pump and the thermal efficiency
of the heat engine are 3.5 and 30%, respectively. Is setting up such a system still more

energy efficient than a direct electric heating system? Explain your reason by calculations.

8. (10%) A horizontal cylinder is separated into two compartments by an adiabatic, frictionless
piston, as shown in Fig. 8. One side contains 0.4 m*® of nitrogen and the other side contains
0.1 kg of helium, both initially at 25°C and 101kPa. The sides of the cylinder and the helium
end are insulated. Now heat is added to the nitrogen side from a heat reservoir at 500 °C
until the pressure of the helium rises to 150 kPa. Please answer the following questions:

(a) (2%) Determine the final temperature of the helium.
(b) (2%) Determine the final volume of the nitrogen.
(c) (3%) What is the heat transferred to the nitrogen?

(d)(3%) The entropy generation during this process.

Fig. 8
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Table 1

Note: The unit ki/kg:K is equivalent to kJ/kg°C. -
Source of Data: B. G. Kyle, Chemicai and Process Thermodynamics, 3rd ed. (Upper Saddle River, NJ: Prentice Hall, 2000).

9. (10%) An isentropic steam turbine processes 3.5kg/s of steam at 4 MPa, and 90% of the
flow is used to generate powef and exhaﬁsted at 50 kPa and 100°C. The rest of the steam
mass flow is diverted and mixed with the feedwater in a mixing chamber for preheat, which
exits the turbine at 800 kPa. Please answer the foilowing questions:

(a) (5%) Determine the power produced by this turbine in kW.

(b)(3%) If the turbine has an iseritropic efficiency of 90%, determine the power produced by
this turbine in kW.

(c) (2%) If the feedwater at the mixing chamber inlet is at 20°C, 800 kPa, and leaves the
mixing chamber as a saturated liquid. Assuming the turbine is still isentropic, determine

the maximum mass flow rate of feedwater that can be preheated. Is this process reversible?

Why?
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Table 3
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Table 4
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*The temperature in parentheses is the saturation temperature at the specified pressure.
' Properties of saturated vapor at the specified pressure.



503302 - 10 Ha o
B E AR AR 114 25 RAL IR LR

Rrrmy BRI EARATIERE

#t B#AERN

(B R 100453 FAREBLNEREARKRFEES )

Table 5 (Continued)




