PRINCE OF SONGKLA UNIVERSITY
FACULTY OF ENGINEERING

Midterm Exam : Semester | Academic Year : 2012

Date : July 31, 2012 Time : 09:00-12:00
Subject : Unit Operations | (230-323) Room 1 A201

NAME . Student ID.....oovee e,
UNLUR

L4
o

agauianum 5 4o lunszanEAnIN 8 wiin

=2

Ll

% Y AI n’/"a’/ Qld; v 12 L | 2
WnnsuButin@ele o i@u angen o uwsifanaauasudutinli

¥ ° 4‘ 2 L4
wnthdauladounilsrasieaauaanainiiessay

L4

fNUsraaRasaanaIniesaaLnauuilAIAIAaL  bhE B

al

» ¥ 1 -
aglivasandi 30 und
Wenfiaveayynangauaaunauazqgnainii
aﬂll ¥ W 20 - n’/’ >
iWavuanatsey ilinaaufismganisd@auls q adu
QJAII @ e [ Y o & ) <4
FufuRdndrenaialunisaay audsznaruzddanssudans Ak A
Usunnlusedanyinase uasWnnisiEau 1 manisanm
Windeaaulaeld [ Huas M anm
ThinAnsanunrnindesie lidindesseuldwinby
® iJ9Raua9 MaCabe W.L., Smith J.C., Harriot P., Unit Operations of

Chemical Engineering, 7" Edition, McGraw-Hill, 2005
o wilsBauas qlsdnd Snuzily, nsdrelausnauasuandjiRnisianie
1 ] J
WUILWUFI, 2546

4 a < . .
® LATRIAALAY WAZ WAUIYNIN (VWSA talking dictionary)

AN

P
aNdaNn 1 2 3 4 5 FANATLUY

AZLUULAN 35 30 20 30 20 135

s
AZULLT 1

As.WsAs wnadsehng feandessy

&9



1. (35 points)

50 wt.% of NaOH-H,0 has been mixed with 15 wt.% of NaOH-H,O as shown in

Figure-1, it is assumed that the diffusion occurs only within 2 mm thick of a stagnant film
at 298 K.

50% NaOH-H,0

< =

/[) Stagnant film

15% NaOH-H,0

Figure — 1: Diffusion of NaOH - H,O system

Its density and molecular weight is 1.51 g/mL and 24.8 g/mole for the 50 wt.%

solution, and 1.30 g/mL and 19.62 g/mole for the 15 wt.% solution respectively at

temperature 298 K.

1.1. (5 points), You think the diffusion should be Equimolar counter-diffusion or One-

way diffusion? (Please explain the assumption used in Thai).

1.2. (25 points), Calculate the molar flux in (kmole/s.mz) if diffusivity of this system is

0.74x10° m%s, and molecular weight of NaOH is 40 g/mol.

1.3. (5 points), How much percentage of the molar flux decrease/increase

compared with another case (The case that you did not choose)?
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2. (30 points)
Air at 32°C, 2 atm is humidified by flowing over a 1.2 m-long container filled with
water. At the surface, temperature is 20°C and vapor pressure is 0.2 atm. If the initial

humidity of the air is 25% and its velocity is 0.15 m/s.

2.1. (8 points), Calculate diffusivity or diffusion coefficient (D,;) of the system if D,

at0°C, 1 atm is 2.2x10° m7s.

2.2. (22 points), Calculate the convective mass transfer coefficient, Kein m/s
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3. (20 points)

Calculate the effective film thickness in pum for diffusion from the wall of a 3 cm
ID pipe, when the average fluid velocity u=1.8 m/s, p=1050 kg/m3, p=5 cP and

D, =2x107° cm’/s.
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4. (30 points)

A solution of organic colloids in water is to be concentrated from 10 to 50
percent solids in a single-effect evaporator. Steam is available at a gauge pressure of 15
Ib/inz'. A pressure of 4 inHg abs is to be maintained in the vapor space; this
corresponds to a boiling point for water of 125 ‘F. The feed rate to the evaporator is

55,000 Ib/hr at 125°F.

The solution has a negligible elevation in boiling point and a negligible heat of
dilution. The latent heat of vaporization of the solution may be taken equal to that of

water. Radiation losses may be neglected.
4.1. (10 points), Calculate evaporator capacity

4.2. (20 points), Calculate evaporator economy
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5.1.

ﬁﬁﬁuﬂ?zawﬁrﬂ’]?ﬁ’miﬂum@ (Mass transfer coefficient, k)
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ﬁﬁﬁuﬂizﬁw"ﬁnwd')ﬂifaum@ (Mass transfer coefficient, k)
uLlsuniuAndiL sz @nsnsung (Diffusivity, D)
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Windurn9d1s (Concentration gradient)

TuansWandsan (Total molar flux) ndulunisinauuyutoy
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Lﬁmfﬂr(Eddy diffusivity) $au#ael
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ANNTAULENTRINTTAIL UL (Latent heat of condensation)
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\han (Boiling point temperature) m@qmm:mm:@m‘iwm
81M17UNBEN9 191 U T mmuﬁmma‘i’uqmmwmﬂ
(Vacuum pressure) LLﬂ:ﬂQi‘lﬁfmﬂuLﬂdﬁl‘m?xLuﬂ (Evaporator)
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temperature) 18481782A18 (Solution)  HAuENWUSITIU
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