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1. Define the followmg terms
(a) Intensive property (4%) L
(b) The third law ofthermodynamlcs (4%) - .

(c) State function(@%) ~ ~© T . - ST T ey
(d) Partial molar»property-(3v%)4 B .'“' cenal T e CoTThe
(e) Ideal solution (3%) = . . - S

63 Principle-ofeorresponding state (4%)? . !“ S T

~ ! -

2.The PVT behavmr ofa gas is-described by the van ‘der Waals. equation;
"RT _ a. _ -, . Tt

- ' oz e

T ¥ V b V2 .
Showthat -, .- _ S
LR " RT,

p=tde LT
6B, . 8B g

where P and T, are the critical pressure and critical temperature
respeetlvely ( 16%) o _ . ' .

3. One mole of an ideal gas, Cp = (7/2)R and Cy = (5/2)R, is compressed
adiabatically in a piston/cylinder device from 2 bar and 25 °C' to 7 bar.

The process is irreversible and requires 20% more work thana ~ | |
revers1ble~ad1abat10 _g_gﬂlpressmn from the same initial state to the

same ﬁnal presstire. What is the entropy change of the gas? (22%)




HRREX2HA

B R B “’""““amm‘ D
/\+/\5ﬂ¢faﬁ%ﬁﬁﬁﬁ:tfﬁl‘@%"a“ﬁm§ as ﬂsr_awa

‘ B R PR -
il - P, R e e e Mamchr mn e e A e =R MmO e Selms = -
A » -

- -

-
¥

4. A tank contauung oxygen at- 420 K and 50 baris vented until the-- %+,
temperature in the. tank falls to-320 K. Assummg there i no Theat )
transfer between the gas and the tank, fmd the pressure in the tank at”

the end of the ventmg process and the fracnon of the- lrmtlal mass of § gas 0

remalmng 1n the tank for the above case - ,You. need only solve w1th

A = "l“ - .
T4 ..n,. R y

qualitative descnptlon If oxygen obeys the law of correspondlng

- — - -

states. (25%)
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| 5.An 1dea1 gas at—P1 ‘bar and T1 K undergoes a.Joule=Thomson exp_ansron

'u.‘\?,a_,{

. to atmosphenc pressure What w111 be the temperature ‘of the: gas after
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flow rate) - T BRI A W #.% (rate of dlsappearance) (8. 57\)
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(3 *ﬁﬁiﬂlﬁ-lﬁﬁﬂx ﬁ'v#) AR ' IR “;

2. Rk e MR ER (a c'onstant-volume batch reactor)i# 474 F
IS 'T:&'i(n‘revermble)}i@ A——)products v AIMBERBREFERA ;
3: -r=kc v .. '
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(@) :ﬁﬂﬂﬁuﬁ#fﬁkﬁsﬁ jtfﬁﬁ E]:ﬁ,ﬂﬂﬁnﬁ BAB 4 s£(the differential
method) \#r’rﬁ‘sﬁ.%t%ﬁi Hit—HEiFafike (10 %)

(b) ﬁtﬂﬂﬁuﬁ##ﬁ‘?% jﬁ‘?&"i@ﬂiﬂﬂﬁuﬁuﬁé*‘*i$£ (the

method of initial rates) \#ﬁﬁ“%%&ﬁ it - FFa ko
(10 %)

© BB L A S o (5 ) o

3. %3 (1sothermal) % J& (isobaric) 5 £.48 7 & % % o) EL}?’@, T - |
1

EN +2H —>NH “'”%5’]‘84%HN .Es‘E-H BHFBEGATETRE

@) F 2 Hz A%‘gfﬁgsf% - AR fg::‘ﬁ(a complete
stoichiometric table) < (5 %)

0) EEATAE S 16.4 atm + A 07 F‘/’%1727C IR EH,
BB & % 60%e5H ";ilNH WRE(124) .

(3£ : R=0:082 atm.liter/g-mol.°K )
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1, Answer the follovnng quesuons (35%)
(1) Write down the definition of ‘the following number ‘or theory and describe its
physical meamng (a) Schmidt number, ® Flck’s ﬁrst law of diffusion. (1 0%).
(2) Explain the term adsoxphon and indicate 1ts dlfference ﬁ-om absorpt:on
5%) -~ ~-- - - -
(3) For rectification in ‘a distillation column, should the operating lme lie.above or
below the equlllbnum line? Why? (5%)

@A dlstlllatlon column used to be designed for the separatlon ofa bmary mixture,
which was a cold feed ’I‘he McCabe-Thiele assumptions apphed for this system.

However, in practlca.[ case, the feed would be a mixture of 30% vapor and 70%
liquid. Assuming that the column diameter and the reflux ratio’remain ab the
design’va.lue ‘should the feed tray_location be higher dr lower than what was
initially designed? (5%)

(5) In an absorption process, a solute gas A is absorbed from a mixture by a
substance-B in the liquid phase. The chemical reaction is irreversible as 4 + B
- AB. What will be_ the effect of this chemical reaction on the absorption
performance? (5%)

(6) Assurhing that the filter cake is incompressible, how does the filtrate Volume
vary with increasing filtering time in a constant pressure operation? Why? (5%)

2. Consider a sphere of fixed radius 1 in an infinite gas medium. Component 4 at
partial pressure p, at the surface is diffusing into the surrounding stagnant medium
B, where p = 0 at.some large'distance away. Find the total molar flux of 4 at the
surface for steady-state diffusion. (15%)

3. A parallel flow heat exchanger is to be redesigned. Condensing steam on the
outside of the inner tube maintains the tube wall temperature at To. Using the
Sieder-Tate correlation shown below for- determine hy (based on the initial
temperature difference): Nu = 0.026 Re)’3 (Pr)*?

What will happen to the temperaiure difference Toz - Toi if:

(1) The inner tube diameter is doubled, while maintaining the original mass ﬂowl

rate and tube length. (10%) '
(2) The inner tube length is halved, while maintaining the original mass flow rate

and tube diameter. (10%)
TC} -
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4. An: mcompreSSJble Newtonian-fluid is located in the space between plates that are '
separated by a d]stance@ The upper plate is movmg in the +x-d1rect10n w1th 2 .
veloclty 'V, - thus contnbutmg tqr the..- motlon of the ﬂu1d An addmonal ’{'
contribution to the fluid . motion 1s that due toa constaqt apphed pressure gradlent ‘
dp/dx Assume. that the ﬂow is; sufﬁmently slow that wscous heating 1s not [
important. " ) - .o : : :
(1) Find the velocity profile and the volume rate of. flow. (15%)})

(2) Rework the .problém -w1th the fixed surface at y B and the surface at y = 0
moving with veIoc1tyV (15%) . * e T i
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