National Examinations December 2019

16-CHEM-A2, UNIT OPERATIONS and SEPARATION PROCESSES

3 hours duration

NOTES

1.

If doubt exists as to the interpretation of any question, the candidate is urged to submit with

the answer paper, a clear statement of any assumptions made.

The examination is an open book exam. One textbook of your choice with notations listed

on the margins etc., but no loose notes are permitted into the exam.
Candidates may use any non-communicating scientific calculator.

All problems are worth 25 points. At least two problems from each of parts A and B must

be attempted.

Only the first two questions as they appear in the answer book from each section will be

marked.

State all assumptions clearly.
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Al.

A2.

16-CHEM-A2, Unit Operations and Separation Processes
December 2019

PART A: UNIT OPERATIONS

A liquid (density = 997.1 kg/m3, viscosity = 2.1 x 107 Pa.s) is pumped at 27 °C from an open
tank through a 1-inch nominal diameter smooth sanitary pipe (inside diameter = 2.291 c¢m) to
a second tank at a higher level. The mass flow rate is 1 kg/s through 30 m of straight pipe with
two 90° standard elbows and one angle valve (fully open). The supply tank maintains a liquid
level of 3 m, and the liquid leaves the system at elevation of 12 m above the floor. Compute

the power requirements of the pump assuming an efficiency of 60%.

Spherical glass particles (12 mm diameter and 25 00 kg/m? density) and spherical metal particles
(1.5 mm diameter and 7500 kg/m?) are falling in water (density = 1000 kg/m?).

(a) [12.5 points] Calculate the terminal falling velocities of glass and metal particles in water

for a constant friction factor of 0.22.

(b) [12.5 points] At what water velocity will fluidized beds of glass particles and metal
particles have the same bed densities? The relation between fluidization velocity (uc),
terminal velocity (uo) and bed voidage () for a spherical particle is given by the equation

(uc/ug) = €%

20of5



16-CHEM-A2, Unit Operations and Separation Processes

December 2019

A3. A single-frame laboratory plate and frame filter press is used to filter water containing 1.39%

mole fraction of calcium carbonate (CaCOs). The density of solid calcium carbonate is 2830

kg/m?. Tests at a temperature of 19 °C and AP = 2.72 atm gave the following results:

Filtrate Volume (in liters) Time (in seconds)
0.2 1.8 ]
- 0.4 42
0.6 7.5
0.8 11.2
1.0 15.4
1.2 20.5
1.4 26.7
1.6 33.4
1.8 41.0
2.0 48.8
2.2 57.7
2.4 67.2
2.6 71.3
2.8 88.7

The unit was 30 mm thick and had a filtering area of 263 cm?. Density of the dried cake was

1603 kg/m®. Determine the following:

a)

b)

©)

[12 points] Filtrate volume equivalent in resistance to the filter medium and piping

[9 points] Specific cake resistance and cake porosity

[4 points] Specific surface area of the cake
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B1.

B2.

16-CHEM-A2, Unit Operations and Separation Processes
December 2019

PART B: SEPARATION PROCESSES

A countercurrent rotary drier at 22 °C is fed granular material containing 40% moisture and the
material is withdrawn at 32 °C containing 5% moisture. The air supplied, which contains 0.006
kg water vapor per kg of dry air, enters the drier at 112 °C and leaves at 37 °C. The drier handles
0.125 kg/sec wet stock of granular material. Assuming that radiation losses amount to 20,000

J/kg of dry air used, determine the following:

(a) [18 points] Mass flow of dry air supplied to the drier

(b) [7 points] Humidity of air leaving the drier.

DATA: Specific heat capacity of dried granular material = 880 J/kg K
Specific heat capacity of dry air = 1000 J/kg K
Specific heat capacity of water vapor = 2010 J/kkg K
Latent heat of water vapor at 22 °C = 2.449 MJ/kg

A salt (Na;SO4.10H20) is to be produced in a Swenson-Walker crystallizer by cooling to 17 °C
a solution of anhydrous Na;SOs that saturates between 17 °C and 27 °C. The solubilities of
anhydrous Na;SOa in water are 40 kg/100 kg of water at 27 °C and 14 kg/100 kg water at 17
°C. The mean heat capacity of the liquor is 3.8 kJ/kg K and the heat of crystallization is 230
kJ/kg. For the crystallizer running in countercurrent flow mode, the available heat transfer area
is 3 m2/m length, the overall heat transfer coefficient is 0.15 kW/m? K. If the cooling water
enters the crystallizer at 7 °C and leaves at 17 °C with negligible evaporation, how many

sections of the crystallizer will be required to process 0.25 kg/s of the product? Assume each

section to be 3 m long.

4 0of 5



B3.

16-CHEM-A2, Unit Operations and Separation Processes
December 2019

A double-effect forward-feed evaporator is required to give a product, which contains 50% by
mass of solids. Each effect has 10 m? of heating surface, and the heat transfer coefficient in the
first effect is 2.8 kW/m? K and 1.7 kW/m? K in the second effect. Dry and saturated steam is
available at a pressure of 375 kPa and the condenser operates at a pressure of 13.5 kPa. The
concentrated solution exhibits a boiling-point rise of 3 K. What is the maximum permissible
feed rate if feed contains 10% solids at 310 K? The latent heat is 2330 kJ/kg and the specific
heat capacity is 4.1868 kJ/kg under all the above conditions.

50f5



(652) (852) VXerd] (zs2) (152) (Lv2) (Lv2) (e¥2) (r¥2) (Le2) | cogez | voLeT | vOzEZ | (L22)
ON P w4 s3 30 g w) wy nd dn n ed ylL oY | sapiunoe,,
z0! ] 00} 66 86 16 96 S6 ¥6 £6 z6 16 06 68
E-__vnoz wn|asepusy wniwie 4 _.m o] wnijeyJeg wnun) uoyn|4 wniuesn wniuioeolg wnuoyt wnunay
voesL | €699 | 9zz9L | sev9L | 05zoL | €6'9SE | SzLSL | 26°LGL | 9€0Sk | (SvL) | ¥TyvL | L6QVL | ZLOVL | LE'8EL
qA wl 13 OH Ag qlL PO n3 ws wd PN id 0 BT | saplueyiue|,
oL 69 89 19 99 59 ¥9 €9 29 19 09 65 8 LS
WNIGIARA wninyj wriqig winwoy wnisosdsAq wniqua | doing iId P wnuan wnueyjue
(v62) (¢¥62) (c62) (882) (682) (+82) (g82) (082) (182) (922) (0L2) (222) (1L22) (892) (£92) (z92) (922) (€22)
onn | shnn | ynn | dnn | bnn | Inn | ud by s@ W | SH | ug | Bs qaa S| " = ey 14
8Ll iy 911 511 . £l 47" bl 0kl 0L | 0L | L0b | 901 504 voL | cop | COVEB I ge I8
i[5 I 1 1 n i 1 101 di o] I\ I o] wniesey wnuyoyg Ej_m._onnow wniugng wnpJopauiny wnuImaT wnipey wnipuesy
(zzo) (012) (602) 96'80C | 0z'£0Z | 8€'¥0Z | 6500C | L6961 80°661 | 22261 | €206L | LZ'98L | ¥8°€8L | S6°08L | 6Y'8LL | LBVLL €cielL | 1e2EL
uy v od g ad IL BH ny 1d 1 $O 9y M el H na * egd $O
98 58 +8 £8 28 18 o8 6L 8L LL 9L s2 L £L zL b | 084S | eg 55
unpEy ey WruG 8 [Feiihy pea] wnijeyy Anasapy pIo9 wnunelq wnipu| wniwsQ wniuayy uzisfun) wnjejue wnjueH wnnain wnueg wmsan
6z'1€L | 06924 | 092zL | 9rvzL | wL'8LL | 28VLL | LvZLL | 28201 | 2v'90L | 16O | LOTLOL (g6) ¥6°G6 16726 ZZ'l6 | 1688 29'L8 L¥'S8
X | 9l qs us uj P By Pd Uy ny 91 O aN iz A 1S qy
s £ z8 LS 0s 32 8y Ly o sy 44 £ 4% (R4 ov 6¢ 8¢ L£
uouay aupo| wnunji@ | Auowguy uly wnipuy wnped JANIS i1ed Ipouy By 1 wnigoiN wnuoaz N, [T e P WY
08'€8 06'6. 96'8. 6vL 19'2L 2,69 6£'59 G5'€9 69'85 €685 | S8'GS | ¥6'VS 00'2S ¥6'05 8g'Lb | 96VY 80°0v oL'6e
E) | 19 g sy 99 |13} uz no IN 00 94 Ui 10 A 1L S eD M
9¢ st ve £€ z¢ Le 0¢ 62 14 Lz 9z 14 ¥z 4 T 1z 0z 64
uojdAry auwolg wnualRes ETUETT wniueuag wnjjjeg Wz Jeddop 1349IN 11eqod ualf o] \ wniuepL wn|puBsg NEED Ln|EsRiog
4! L oL 6 8 L 9 g ¥ €
S6'6€ Sp'se 10'2¢ 16°0¢ 60'82 86'97 (Ko 66'22
y fo) S d IS v BN | eN
] Ly 9l s 14t €l 4} L
uaBry 2ULOIYD inying snioydsoyd Uy wnuwnpy witjuaudisgyg wipes
81°02 00'61 0094 LOpL L0zl 180} 106 ¥6'9
aN 4 o] N 0 g ssep ‘Bay —=> B6G 007 saseb 3qON ag 1
oL 6 8 L 9 S susbojey ¥ g
uEN abpony uslixn ualagn uoqien uolog m S|ejawuoN A wngr
—I— <—1—1JoquAsg (1eyaw-1wias) spiofle3an
00'p Ll 91 Sl 14 €l s|BjoW L9430 Z LO'L
QT_ # O_EO“—< W ow s{ejsw uoljisuel] I
z : £ S{E}oW YHES BUj|eN|Y L
i NoJaN <T—sweu jusawalg s|ejou |||y usBorpks
] b

SjuBWo[g 64} JO 9]qe] JIpoLdd 8yl




05049
0EEL'S
009L'S
B59L'a
BI88'9
9889
RGES'D
FLIGD
F0F6'
1696'9
8166'9
80504
9BE0 L
SL90°L
TLETL
LILTE
BEGG L
£385'L
£686L
£2g¥' L
6589'L
ODLS'L
959L'L
ETERL
OR06'L
FRO0'S
TOST'8
1958
086E'S
9pLY'B
0LLTS
16598
IEBL'S
8LBS'S
95LE'S
TS

BAILF
FOLLY
BYES T
{ERE¥F
9096°F
gse0'q
2SR
Ve 19
PETE'S
SF9E'S
10%%'S
10688
L20FFQ
gL1S'S
Rk
BIgeg
La8L g
9909
FEFE'D
#7084
LFa8a
£8R5"9
GLL
wIFL
QgL
TSLY 'L
18184
QEe0E
TeEe's
TR
BRI H
BEES'R
LB98E
G991 G

66T
LE6 T
TIE6T
BLEST
9098
90581
99LLT
FLBLT
200LT
LT
179
B9
ST
00EST
i
SEEF T
BELET

BEIET

QIfa'T
fQEDT
JBga
BIESD
BFSLO
£9LE'0
£9LF 0
SFeED
QBN
SE6T0
62010

O

TE9LE
ED9LE
7955
B'BELE
L'EPLE
GERLE
THELE
0OELE
TEELE
UBBLE
E'SELE
E'TBLE
6'9LLE
O'BLLE
I00LE
T00L5
SE69%
£'5896
S5L95
H'SP96
L9E95
£ 9695
78196
L'B9E
T6656
97896
BFLEE
#1998
7956
qEPSE
00FSE
SEESE
£'9858
I
£'7085

£9905
0r9L08
29805
0 L5038
CRUTE
L0BEG
8ESTE
SOFIE
TSFIZ
89415
£ £315
FBLIG
o181
eI61E
0BG
FETEE
SOBEE
TR
03953
T RLSE
9055
Z8IEG
T9EER
TOFER
E'BREE
TELES
B'BBET
(09057
LEEVE
6'FEHE
S
9ISHE
00955
YLD
i
€165

05 163

O
16909
156079
5539
BLF09
8469
TE'789
£5 ELE
ZF'198
L8'5S
FE'GEQ
89°088
§9'F0Z
LE'9ET
F°L9F
QE'FFP
VLT
96756
LFOFE
gaLIE
15°656
DETLE
86196
16'5%5
18161
LL'BAT
8L LET
PG
FOTHT
L7'e8
LFEL
LS
8556
00°0

AT
TDLER
¥ 1958
27958
51998
9'L205
9255
£TS85
BEFGE
9798
9'T¥GE
0SB
31690
98655
TBRIE
8765
9BILE
48158
19085
L'96¥5
REEFE
OLLPE
78975
T'E9FE
L'95FE
L'EFFE
' LEYE
SOEFE
TOEFE
BSTHE
TBOFE
FF0PE
SBEEE
E'E6EE
0'S8E6
£'GLE8

TOLET
go8sT
o LERT
% 806T
9TEaT
67861
B 8FGT
6'995T
0’996
QRLBT
P61
0'B56T
TBO0%
TR0
O'SE0R
T'SE0E
L7880%
£'85908
LE80%
FBIE
FEFIE
o'88TE
EELTE
ZI6TE
FI0FE
BBEH6
TOF5E
L1953
L6858
L0653
o' LDEE
6'STEE
0'93E%
9'BERE
L'98ET
£'GLET

£7'968

24688
£8'599
05929
99629
21589
63709
€765
PE'£84
S8'BLS
BT 198
Jey:i2
§O°9ES
088
L¥¥08
54987
B6'9GF
9T
EELTY
6 vEE
&F DFE
T9LIE
BT°686
BRTLE
SETEE
06°52%
6LT6T
9¢'891
BL'LET
FPIET
BO'TOT
Lv'e8
LFEL
0.8
o
o

GoLE 0
L6560
LETE0
LGFED
BFLED
7o
Sa8F0
FI6F 0
£¥eq'0
¥EeS0
82030
81896
LETL'D
EE6L'0
L3880
9800 T
EGETT
BFLE'T
OFGe'T
L16E
¥e'E
E88'E
685'S
FO59
6FIL
TEYOT
FLEFT
REE'BT
£eT'ge
NOS'FE
999'S¥
FO0'L9
18E LB
555 661
BETI08

ROTTO0D
FOTION O
T0TT000
LBOTOFO
£60T00°0
S90TO0'0
FROTO0 0
TH0T00°0
§LOTOO0
901000
ELOTOO0 0
0L0TOO'0
£30T00°0
#90T00'0
TO0TO0'D
180T00'0
£S0T00'0
POTO00
EFOTO00
LEQTHo
0E0TCO'0
9E0T00'0
TEOT00°0
070TO0'0
LTOTO0'0
FIOTO0'0
0TOT000
S00TO0'0
SOOTO0'0
#00T00'0
EDOTO00
TO0TOO'0
TO0TO0'0
TOOTOO0
000T00"0
000TO0'0

LEPOT
10'691
9g'§ST
8F°35T
95'TqT
E6'LFT
E9'EFT
BE TFI
85’861
0£'981
ag'sgl
09'081
£FLET
00'PET
90'9T1
LETIT
66°50T
7966
LLTE
EETS
LB'GL
BT8R
LB
90'09
LE'ES
18'gy
65.0%
8936
96'9%
90'7%
80'1%
0FLT
E0'ET
86'9
60

aLa
990
09’
g8
g0
S¥O0
oF'Q
gLen
0880
Fee'0
0oso
L6l
Qa0
9650
00&0
eLT0
ge1'0
gaTa
o1
0'3L
0'08
0'CF
0'0%
036
008
0'31
00T
g4
0's
a¥
D'
8%
%
81
2T
eIT9'0

o By

*g

w3yP Sy

Uy

is

-

2y
"y

Ay
v

By

n

>

Gk
Mgy

Byfy
in

By

‘a

By

tg

e
L

BAW B
d

ape] aunssald jleg) pojeames ' 319YL



