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I ~ a \ 
1. (16%) For a g品 obeys van der Waals equation (P + 一τ}侃一 b) =RT 

\ Vm• J . ... 

(的 Show 削(!.~) = ~人 (7 %) 
""rm' l' Ym 

(b) Suppose that a gas obeys the van der Waals equa甘on and that two p缸臼nete凹， a and b, 

have va1ues ofO.1408 Pa m6 mor2, and 0.0391 dm3 mor l, respectively. If2.0 mol ofthe 

gas at 鈞。C is reversibly and isothermally compressed from an initiaJ volume of 2.00 

由n3 to a final volume ofO.500 dm3, calculate q. 帆 !1U and Mf. (9 %) 

2. (17%) 

(a) Ca1culate the heat of combustion for 1 mo] ofmethane bumt completely in air at 250C. (5%) 

(b) What is the maxirnum temperature that can be reached by the combustion of methane 

wl出 20% excess in air? Both the methane and the air enter the burner at 250 C. (12%) 

Given: 

-------------------------------------------------------------------------------------------
Mfl (250C) 

(kJ mor l
) 

Cl 
A (J K" l mor' ) 103 B (J K"2 mor l

) 

------------------------------------------------------------.------------------------------
CH4(g) -74.52 14.15 75.50 

H20 (g) -241.82 30.54 10.29 

H20 (l) -285.83 75 .48 。
CO2(g) -3 93 .51 44.22 8.79 

02(g) 。 29.96 4. 18 
N2(g) 。 28.58 3.76 

----------------------------------------------.~-~---------------------------_.------------

*: Cp
o = A + BT is used over the working temperature region. 

(背面仍有題目，請繼續作答)
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3. (16%) dH = - udu = TdS + VdP For isentropic id開1 gas flow in a tube with a t尬。at，

please derive to ob油站出e following 出ree equations (1 )-(3) 

y-I I 
rPl Tf..1 D _ 2r 月刊 1 ， ( P21 Y I 

(1) ui-uf =-2fP1 VdP =一一一 11 - 1 ? I r I 
Jpl y-l I ~月 ) 1 

(2) ui = y P2 V2 (for u( = 0) 

3)2=(72Jfpl (也e pressure ratio at 由e 由roat)

( ðP ì 
[Note] For isentropic ide叫阱， PVr =∞m凶，呦， uj=ck-y2. | - l where c 扭曲e

" \ δV ) ~ 
speed of sound. 、 ，占

4. (18%) Answer False (F) or true (T). For those fl到se， pl開se give your explanation. 也%晶晶)

(a) entropy c旭nge ofthe system is always non-negative. 

(b) entropy change ofmixing is always non-negative. 

(c) Carnot engine is the on1y reversible heat engine. 

(d) Water f10ws in a pipe at 3 mJs. A valve at the end ofthe pipe is suddenly closed. Then, the 

pre韶山e in the pipe is dropped. 

(e) 1世1 VR =0 
P• 0 

(f ) 

H I P2" 

P(~“-
S 

甘llS may interpret the H vs. S diagram of a turbine 

from state 1 to state 2. 
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5. (33%) Consider a binary system consisting of bo出 vapor and liquid ph泊的 in equilibrium. 

Pl臼se answer the following questions: 

(a) First consider the liquid phase. Let XI and X2 be the respective mole 企actions of component 1 

and 2. At constant temperature and pressure, the molar excess Gibbs 企ee energy GE is given by 

GE =RTx,x/ . 

Find 出e partial excess Gibbs free energy G,E and the activity coefficient Yi for each component. 

AI 叫cωt旭errrune昀e蚓iq叩恥uωlid 缸臼均l屯g伊阱a郎叫c

Joule mole- I K-1 is the gas c∞on郎l凶stant. (9%) 

(b) As.for 出e vapor phase, its PVT behavior can be described by 

PV . BP 
一一一 =1+ 一一一-
RT RT 

Here the second virial coefficient is given by B = YIBj + Y2B2 叫也 Yi and Bi standing respectively 

for 出e mole 企action and the virial coefficient for component i (=1,2). Determine the partial 

residuaJ Gibbs free energy G,fI and the vapor fugaci們oe伍denttforeachmnponent(8%)

(c) Write the expression for 出e fugacity at pure state f ,L in terms of the saturated vapor pressure 

p尸 and the corresponding fugacity coefficient Ø/Q1
• Assurne that fl is insensitive to the vapor 

pressure P. Also use the results ìn (b) to deternúnej/ ìn terrns of P/叫 and Bj. (8%) 

(d) At temperature T=300K the liquid composition is known, say, X I = 0.5 . Find the vapor 

pressure and composition. You will need to use the results in (a)-(c) and the da個 below to solve 

this problem. BI = 2.4942 m3/mole, B2 = 4.9884 m3/mole, ~S叫 =0.5kPa， Pì叫 =l kPa. (8%) 


