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1. (10%) The gage fluid in the manometer has a specific gravity of 3.46. Pipes A and B both
contain water. As shown in Figure 1, the differential reading of the manometer is originally
0.2 m. If the pressure in pipe A is decreased by 2000 Pa and the pressure in pipe B increases
by 1000 Pa, determine the new differential reading of the manometer (10%)

water

gage fluid

Figure 1: The original differential reading of the manometer is 0.2 m.

2. (10%) Water flows steadily from a huge, closed tank as shown in Figure 2. The deflection in
the mercury manometer is 4.0 ecm and viscous effect are negligible. (a) Determine the velume
flowrate (5%). (b) Determine the air pressure (gauge pressure) in the closed tank. (5%)

T 0.4 m diameter

2m kj 8 cm diameter

h
s
Mercury

Figure 2: Jet from a pressurized tank.

3. (20%) Let (u(z,y),v(x,y)) be the velocity field of a two dimensiona) incompressible fluid flow
without source/sink point in the area of interest. The fluid is newtonian and its viscosity is .
It is also known that u(z,y) = 7 + v and the shear stress Toy = 21, Find v(z,y) first (10%)
Obtain the general equation for the streamlines of the fow field {10%)

4. (10%) Water (p = 1000 kg/m? and p = 1.12 x 10~2 N-s/m?) fows steadily through a circular
pipe {cast iron pipe, roughness = 0.26 mm,) with a diameter of 1 cm and a volume flow rate
of 7.854 x 1072 liter/s. The pipe is 120 m long. Neglect the entrance effect and minor losses.
Calculate the pressure differnetial between the inlet and outlet ports (5%). Find the power
required to drive the fluid flow (5%).

Useful Formulae:
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5. (10%) Nitrogen gas is compressed from 80 kPa and 27°C to 480 kPa by a compressor, Determine

the compressor work per unit mass flow of nitrogen for assuming the compression process to be

an ideal two-stage polytropic with n=1.3. Note that gas constant and ratio of specific heat of

nitrogen are R=0.297 kJ/kg'K and C,/C,=1.4.

6. (20%) Trur or False (Please write down your answers on the answer sheet; two points for each

problem) ESEIEHEEEBNEERRN » REBEEETTFEHS -

() 1. A container with a higher temperature owns more amount of heat than the amount of
heat in a same container with a lower temperature

() 2. Some properties of ideal gases, such as internal energy, enthalpy, and entropy are
functions of temperature only.

() 3. Except for the vicinity of triple point, superheated vapor for any substance can be
approximated by ideal-gas equation to obtain a good result.

() 4. Compressibility factor, Z, is a measure of deviation from idea—gas behavior. Also, its
value is always greater than 1.

{ ) 3. Temperature of an ideal gas will decrease when it undergoes a steady-flow throttling
process.

{ ) 6. A system undergoes a process between two fixed states first in a reversible manner and

then in an irreversible manner. Then A [ ‘[ZS_QJ .
nrev T -

() 7.Anew temperature scale is defined as
Boiling point: 250 degrees .and Ice point: -250 degrees.
Then the temperature reading for 50°C under this new temperature scale is 100 degrees.
() 8.Inasteady flow irreversible process, the total entropy of a system can increase, decrease,
Or remain constant.
()9 For a steady-state steady-flow system with 2 non-ideal gas as the working fluid, its -
internal epergy, specific heat, and specific volume are unchanged if it undergoes a cyclic
process.. -

() 10. The'isentropic process of an incompressible substance is also isothermal.
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7. (20%) Single-Choice (Please write down your answers on the answer sheet; four points for each
problem) FFEIBEERBRNEEAR » REEIEETTHS -
{ ) 1.The work energy required to accelerate an 800-kg car from rest to 90 km/h is

(a) 100 kT, (b)125kJ, (c)250kJ, (d)375kJ, () None of the above.

() 2. A 2-n’ rigid tank contains nitrogen gas at 500 kPa and 300 K. Now the gas is

compressed iéothermally to a volume of 0.2 m’. The work done on the gas during this
compression process is

(a) 375.6 kI, (b)Y 11513 kI, (c)1726.9kJ, (d)2302.6k), (e)2878.2 kJ.
Note that gas constant and ratic of specific heat of nitrogen are R=0.297 kikgK and
C,/Ci=14.

. Two Carnot heat engines are operating in series such that the heat sink of the first engine

serves as the heat source of the second one. If the source temperature of the first engine
is 1,280 K and the sink temperature of the second engine is 500 K and the thermal
efficiencies of both engines are the same, the temperature of the intermediate reservoirs
is  (2)625K, (b)800K, (c)860K, (d)453K, (e) 758 K.

- An ideal gas (x = 1.667) with constant specific heat is compressed from 150 kPa and

25°C to a pressure of 700 kPa adiabatically. The lowest temperature of this ideal gas
after compression is  (a) 25 °C, (b)46°C, (c)117°C, (d) 279 °C, (e)472°C.

. Consider a Carnot refrigerator and a Carnot heat pump operating between the same two

thermal energy reservoirs. If the COP of the heat pump is 3.25, the COP of the
refrigeratoris  (a}4.0, (b)0.25, (¢)1.25, (d)0.8, (e)2.25.




