國立臺北科技大學
九十七學年第一學期能源與冷凍空調工程研究所
博士班資格考試
熱力學（能源所/能源組）試題
            There are【3】 pages. This is page 1.
	Attentions：
1. There are 【5】 questions.  Please pick only 4 questions to answer.  Each question gets 【25】  points.

2. Please answer the questions by order. Don’t need to copy the questions on the answer sheet.

3. Write all your answers on the answer sheet.
4. ( ( )close book


1. (25%) A piston-cylinder device initially contains 1 m3 of an ideal gas [R=0.2 kPa(m3/(kg(K), Cv = 0.8 kJ/(kg(K)] at 200 kPa and 400 K temperature.  At this state, the piston is resting on a set of stops, and a pressure of 300 kPa is required to lift the piston.  Heat is now slowly transferred to the steam until the volume is 2 m3.  Determine:

(a) the P-V diagram of the above processes;

(b) final temperature;
(c) the work done during this process;

(d) the total heat transferred into the system.
2. (25%) Staring from the Gibb’s equation:  T(ds = du +P(dv , 
(a) State the appropriate assumptions, 
(b) Prove the following “Isotropic relation for ideal gas”:

(T2/T1) = (v1/v2)(k-1) = (P2/P1)(k-1)/k  ,

where T = temperature, v = specific volume, P = pressure, k = Cp/Cv, Cp, Cv = specific heat for constant pressure and constant volume.  The subscripts 1 and 2 denote the state before and after a process.
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(25%) A 1.2 m3 rigid tank contains saturated refrigerant-134a at 800 kPa.  Initially, 25 percent of the volume is occupied by liquid and the rest by vapor.  A valve at the bottom of the tank is now opened, and liquid is withdrawn from the tank.  Heat is transferred to the refrigerant such that the pressure inside the tank remains constant.  The valve is closed when no liquid is left in the tank and vapor starts to come out.  Determine the total heat transfer for this process.
4. (25%) Refrigerant 134a at 140 kPa and -10oC is compressed by an adiabatic 0.7-kW compressor to an exit state of 700 kPa and 50oC.  Neglecting the changes in kinetic and potential energies, determine (a) the isentropic efficiency of the compressor, (b) the volume flow rate of the refrigerant at the compressor inlet in L/min, and (c) the maximum volume flow rate at the inlet conditions that this adiabatic 0.7-kW compressor can handle without violating the second law.
5. (25%) Derive the specific heat difference (Cp – Cv) for a van der Waals gas, starting from the general relation of specific heat:
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 and the van der Waals equation of state: 
[image: image2.wmf]RT

b

v

v

a

P

=

-

÷

ø

ö

ç

è

æ

+

)

(

2

.

[image: image3]
[image: image4.png]Superheated refrigerant-134a

T v u h g
oc  mikg  kikg kikg kikg-K

P = 0.14 MPa (T, = ~18.77°C)

sat. 0.14014 219.54 239.16 0.9446
-20
_10 0.14605 22591 246.36 O 9724
0 0.15263 23323 254.60 1.0031
10 0.15908 240.66 26293 1.0331
20 0.16544 24822 271 38 1.0624
30 017172 25593 279.97 1.0912
40 017794 263.79 28870 1.1195
50 0.18412 27179 297.57 1 1474
60 0.19025 279.96 306.59 1.1749
70 0.19635 288.28 315.77 1.2020
80 0.20242 296.75 325.09 1.2288
90 0.20847 30538 334.57 1.2553
100 0.21449 31417 344.20 1.2814




[image: image5.jpg]Superheated refrigerant-134a (Continuea)

T v u h s
°Cmkg kikg  kikg klkg - K
P = 0.70 MPa (T, = 26.69°C)
Sat. 0.029361 244.48 265.03 0.9199
20
30 0029966 247.48 268.45 0.9313
40 0.031696 256.39 27857 0.9641
50 0033322 26520 28853 0.9954
60 0034875 27401 298.42 1.0256
70 0.036373 28287 308:33 1.0549
80 0037829 291.80 31828 1.0835
90 0039250 300.82 32829 1.1114
100 0.040642 309.95 33840 11389
110 0.042010 319.19 34860 1.1658
120 0.043358 32855 35890 1.1924
130 0.044688 338.04 369.32 12186
140 0.046004 347.66 379.86 12444
150 0.047306 357.41 390.52 12699
160 0048597 367.29 401.31 1.2951



[image: image6.png]P = 0.80 MPa (T, A
Sat. 0.025621 246.79
40  0.027035 254.82
50 0.028547 263.86
60 0.029973 272.83
70  0.031340 281.81
80  0.032659 290.84
90 0.033941 299.95
100 0.035193 309.15
110  0.036420 318.45
120  0.037625 327.87
130 0.038813 337.40
140 0.039985 347.06
150  0.041143 356.85
160  0.042290 366.76
170 0.043427 376.81
180 0.044554





[image: image7.jpg]Saturated refrigerant-134a—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
mi/kg kl/kg kl/kg ki/kg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap., vapor, liquid, Evap., vapor, liquid, Evap.,  vapor,
PkPa T, °C v Vg U Ug ug h; he he 5¢ S s
120 -22.32 0.0007324 0.16212 22.40 19511 217.51 2249 214.48 236.97 0.09275 0.85503 0.94779
140 -18.77 0.0007383 0.14014 26.98 192.57 219.54 27.08 212.08 239.16 0.11087 0.83368 0.94456
160 -15.60 0.0007437 0.12348 31.09 190.27 221.35 31.21 209.90 241.11 0.12693 0.81496 0.94190
180 —12.73 0.0007487 0.11041 34.83 188.16 222.99 3497 207.90 242.86 0.14139 0.79826 0.93965
200 -10.09 0.0007533 0.099867 38.28 186.21 224.48 3843 206.03 244.46 0.15457 0.78316 0.93773
700 26.69 0.0008331 0.029361 88.24 156.24 244.48 8882 176.21 265.03 0.33230 0.58763 0.91994
750 29.06 0.0008395 0.027371 91.59 154.08 245.67 92.22 173.98 266.20 0.34345 0.57567 0.91912
800 31.31 0.0008458 0.025621 94.79 152.00 246.79 95.47 171.82 267.29 0.35404 0.56431 0.91835
850  33.45 0.0008520 0.024069 97.87 149.98 247.85 98.60 169.71 268.31 0.36413 0.55349 0.91762
900 35.51 0.0008580 0.022683 100.83 148.01 248.85 101.61 167.66 269.26 0.37377 0.54315 0.91692
950 37.48 0.0008641 0.021438 103.69 146.10 249.79 104.51 16564 270.15 0.38301 0.53323 0.91624
1000 39.37 0.0008700 0.020313 106.45 144.23 250.68 107.32 163.67 270.99 0.39189 0.52368 0.91558
1200 46.29 0.0008934 0.016715 116.70 137.11 253.81 117.77 156.10 273.87 0.42441 0.48863 0.91303
1400  52.40 0.0009166 0.014107 125.94 130.43 256.37 127.22 14890 276.12 0.45315 0.45734 0.91050
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