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1.

(a) What are the limitations of Bernoulli’s equation? (5%)
(b) What is NPSH (Net Positive Suction Head)? (4%)
(c) What is the Hagen-Poiseulle equation? How do you use the Hagen-Poiseulle

equation to measure viscosity of a fluid?  (6%)

There is a tank, 1 meter in diameter and 3 meters high, filled with water. Water

is now drained out through the small hole at the bottom of the tank. The

diameter of the small hole is 4 cm. The relationship between the average flow

velocity u, of water flowing through the small holes and the height of the water

surface in the tank is u, = 0.62,/2gz.

(a) Assume that the density of water is 1000 kg/m>. How long will it take to
release 1 m® of water? (10%)

(b) If the water in the tank is changed to kerosene, the density of kerosene is
assumed to be 800 kg/m’. If other conditions remain the same, how long will

it take to release 2 m> of kerosene?  (5%)

Water at 68 °F (p = 62.4 Ib,,/ft?, 1=10.76x 1073 Ib,/ft-s) is flowing through a 3

inches inside diameter smooth pipe of 200 feet, at a mean velocity of 4 ft/s.

0.0791
Re0.25°

The friction factor is following the expression: f = If the outlet of the

pipe is 5 feet higher than the inlet, determine the power required to obtain this
flow rate. (20%)
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* Please explain the following terms:

(a)Thermally fully developed conditions (3%)

(b)Forced convection (3%)
(c)Peclet number (3%)
(d)Prandtl number (3%)
(e)Fick's law of diffusion (3%)

* The temperature distribution across a plane wall of 0.25m thick at a certain

instant of time is T(x)=190- 160x + 30x* where T is in degree Celsius and x

is in meters . The wall has a thermal conductivity of 1.2 W/(m . K) .

(2)On a unit surface area basis , estimate the rate of change stored by the wall . (7%)

(b)If the cold surface is exposed to a fluid at 120 °C , What is the convection
coefficient ¥ (8%)

* Hot air flows with a mass rate 0.05 kg/s through an uninsulated sheet metal duct of

diameter D = 0.15m , which is in the crawl space of a house . The hot air enters at

376 K and, after a distance of L = 5m , cools to 350K . The heat transfer coefficient

between the duct outer surface and the ambient air at T = 273 K is known to be hyg

=6W/(m?.K)
(a)Please calculate the heat loss from the duct over the length L= 5Sm  (10%)
(b)Determine the heat flux and duct surface temperature at L= Sm (10%)

( Given : 1.air(Tm=363K) : Cp=1010J/(kg.K) ; air(Tm=2350K) : k=0.03W/(m .
K)> n=2.08x10°N.s/m? »Pr=0.7;2.Nup =0.023 Rep* Pr" for turbulent

flow in circular tube and n=3 for cooling * n=4 for heating )
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1. Calculate the entropy change for the reversible and isothermal expansion (Vi to
Vi) of n moles gas [Cv (heat capacity of constant volume) = constant] which is

in a closed system and obeys the following equation of state :

P(V-b)=nRT where b = constant (18 %)
oU
2. | — | =C, for a perfect gas , show that
oT ), v
Cpm-Cym=R (12%)

3. The equilibrium constant for the following reaction is 0.164 at 298 K.

Bromine gas is introduced into a container with excess solid iodine. The
pressure and temperature are held at 0.164 atm and 298 K, respectively.

Assume that the vapor pressure of solid iodine is negligible and that all gases

are perfect gases. Calculate A G° (J/mole) and the partial pressure (atm) of
g r

| X
IBr(g) at equilibrium for the above reaction. R=8.314JK mol ) (20%)

4. Definition: (10%)
1) Entropy AS >0
2) The second law of thermal dynamics
3) Partial properties
4) Raoult’s law
5) Fugacity coefficient
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5. Please derive n =1 — TT—‘ by Carnot’s theorem with the following figure.
H

(20%)

6. Please derive Gibbs-Duhem equation with constant pressure and constant

indﬁl: 0

temperature. (20%)
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1. An ideal gas, initially at 300 K and 2.5 bar, undergoes reversible and cyclic processes in a
closed system. It is first compressed adiabatically to 8.2 bar, then cooled at a constant
pressure to 300 K, and finally expanded isothermally to 2.5 bar. Let C, =3.5R and
C, =2.5R . Calculate W, Q, AU ,and AH for each step of the cyclic processes. (20%)

2. 14.0 mol s~ of nitrogen, C,=3.5R, is compressed in a steady-flow compressor.
Temperatures and velocities are: T; =320 K, T, =480 K, u; =124 m s7/,
and u, = 2.6 m s~ Delivered mechanical power is 110.2 kW. Calculate the rate of heat

transfer from the compressor. (14%)

3. Anideal gas, C, =3.5R, is heated in a steady-flow heat exchanger from 325 K to 385 K by
another stream of the same ideal gas which enters at 500 K. The flow rates of the two
streams are the same, and heat losses from the exchanger are negligible. (a) Calculate the
molar entropy changes of the two streams for parallel flow in the exchanger; (b) What is

AS, 2 (16%)

total *

4. Residual mixing entropy S and residual mixing Gibbs energy G are both function of

compressibility-factor Z, please show their relationship of Z and how to obtain them. (18%)

5. The enthalpy of a binary liquid system of species 1 and 2 at fixed 7 and P is represented by
the equation: H=200X,+300X>+X,X>(20X+10X3)
Where H is in J/mol. Determine expressions for H, and H, as function of X>. numerical
values for the pure-species enthalpies H; and H,, and numerical values for the partial

enthalpies at infinite dilution ﬁ;o and ﬁ;o. (12%)

6. (a) Please explain what physical meanings of fugacity, fugacity coefficient, activity, and
activity coefficient are, respectively? Please write their difference between pure i specifies

and species i in solution. (b) Please show how to gain the modified Raoult’s Law. (20%)
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1. Ina batch reactor, after operation for 7 minutes, reactant (Cao= 1 mol/liter) is 70 %
converted. However, after 27 minutes, reactant conversion reaches 90 %. Find a rate

equation to represent this reaction. (25%)

2. The hypophosphorous acid (H;PO) is transformed into phosphorous acid (H;PO3)
under the influence of oxidizing agent. The kinetics of this transformation present
the following features. At a low concentration of oxidizing agent,

Vuiros = K [oxidizing agent] [H3PO3]
At a high concentration of oxidizing agent,
Vuspos =K [H'] [H3PO2]

To explain the observed kinetics, it has been postulated that, with hydrogen ions as
catalyst, normal unreactive H3PO; is transformed reversibly into an active form, the
nature of which is unknown. This intermediate then reacts with the oxidizing agent
to give H3POs.

(a) Write a two-step mechanism based on the above description.  (10%)

(b) Derive the rate law (7,355 ) for the mechanism in (a), stating any assumption made.

(15%)

3. For a first-order liquid-phase irreversible reaction,
(a) Show the Damkéhler number (Da) in terms of ‘space time’ for this reaction if
Dambkdéhler number is defined as the following equation. (4%)

T V' Rate of reaction at entrance
a= =

Fa0 Entering flow rate of A

(b) Express the conversion rate of this reaction in a single CSTR in terms of
‘Damkéhler number’. (10%)

(c) Derive the conversion rate of this reaction in terms of ‘Damkéhler number’ if 5
equal-sized CSTRs connected in series with the same volumetric flowrate under the
same operating temperature. (10%)

(d) Considering numerous equal-sized CSTRs connected in series, determine how
many reactors are required to reach 80% conversion if (case I) Da = 1.0 and (case
II) Da = 0.1. (6%)
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4. Suppose a liquid-phase reaction (A = B + C) was carried out isothermally and the
data were obtained as following:

Conversion, X 0 0.2 0.4 0.6 0.8
-ra (kmol/m>hr) 73 60 25 8 5
The molar flow rate is 20 kmol/hr.

(a) For a single CSTR, what is the volume necessary to achieve 80% conversion of the
entering species A? (4%)

(b) For the two CSTRs in series, 40% conversion rate is achieved in the first reactor.
What is the volume of each of the two reactors necessary to achieve 80% overall
conversion of the entering species A? (8%)

(c) Followed by part (b), determine the volume of PFR if it is used to replace the second
CSTR. (8%)
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1. What is the product of the following Diels-Alder cycloaddition reaction:

0O
+ QO —_
@)
O 0 0] 0O
O O O O
O (0] o] o]
. " 1

(a) I; (b) II; (c) III; (d) I'V; (e) none of these choices. (3%)

2. Define acid and base according to Bronsted-Lowry theory. (6%)

(%)

(a) Arrange the order of reactivity for the following items towards Sn2
reaction. (5%)

19 2°; 3% vinyl or aryl; methyl

(b) Give the reasons for question 3(a). (3%)

4. Assign (R) and (S) configurations of the following molecules. (6%)
(a) Cl (b) H '

Br\\\\w"" I W

OCHs;
HO HsC
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5. Provide the reaction products and intermediates as required. (12%)

(2)

1. NaNH,, NH; (liq.) | . 1.Li, CH;CH,NH,
— » intermediate » product
\ 2. CH;CH,CH,Br 2. NH,CI
(b)
OSO4 NaHSO3
——>  intermediate ————3 ' duct
pyridine intermediate HZO major produc
(c)

MBT om0 o HO"
+ LA\ — " » intermediatt ——» major product

6. What would be the major product of the following reactions? (9%)

(@)
0
CHs
©/ + qN—Br
o

Methylbenzene
(Toluene) NBS

0

light
Major product + N—H

0

(b)
0]

@) _OH
0
)\)J\ + —> Major product
cl

1. Hg(OAc),, THF-H,O
Major product
N\ 2. NaBHy

(c)
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7. Define “vicinal dihalides” and “geminal dihalides”. (6%)

8. Give IUPAC names for the following compounds. (9%)
()

(b)

(c)
Cl

Cl

9. When formic acid donate a proton to be a base, the result is the formation of
a formate ion (HCOO).
(a) Write two resonance structures for the formate ion, and two resonance
structures for formic acid. (6%)
(b) Please identify which species, formate ion or formic acid, is most

stabilized by resonance. (3%)

10. Which compound in each pair would be most acidic? (10%)

(a) Acetic acid; chloroacetic acid

(b)

F O

OH
2 . /I\/LKOH

9
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11. Provide the reagents for transformation (a), (b) and (c) (12%)

(a) ©)‘\OH (b) ©/u\ (c) @/u\

12. How many 3C NMR signals would you expect for acenaphthylene? (10%)

)
(L




