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Q = Quantity of heat transfer (Kw)

m = Mass flow rate of component (Kg / sec)
Cp = Specific heat (KJ/Kg.°C)

T = Temperature (°C)

A = Latent heat (KJ/KQ)

y = Mole fraction of component in vapour phase
X = Mole fraction of component in liquid phase
P+ = Total pressure (atm)

Pa = Partial pressure of component A (atm)
L., = Mole flow rate of liquid (Kmole/sec)
Gm = Mole flow rate of gas (Kmole/sec)

A = Absorption factor

n = Number of theoretical plate

. = Density of gas (Kg/m®) p

Q = Volumetric flow rate (m®/sec)

pL = Density of liquid (m*/sec)

MUm = Viscosity of mixture (Kg/m .sec)

F.v = Liquid flow parameter

Cs, = Vapour capacity parameter

U,s = Flooding velocity based on net area
Ay = Downcomer area (m®)

A = Column area (m?)

D, = Column diameter (m)

A, = Net area (m?)

U, = Vapour velocity based on net area (m/sec)



F = Flooding factor

A, = Active area (m?)

A, = Hole area (m?)

y = Fractional entrainment

Uy, = Vapour velocity through holes (m/sec)
Cvo = Dry orifice coefficient

Ap dry = Dry tray pressure drop (cm)

Qp = Aeration factor

L = Weir length (m)

h,= Head loss due to aerated liquid (cm)
how = Height of liquid crest over weir (cm)
hy = Weir height (cm)

Apt = Total tray pressure drop (cm)

hs = Head loss due to bubble formation (cm)
V4 = Down comer liquid velocity (m/sec)

A = liquid gradient (cm)

h¢ = Height of froth on tray (cm)

R, = Hydraulic radius of aerated mass (m)
Ds= Flow width normal to liquid flow (m)
Us = Forth velocity across plate (m/sec)

¢ = Relative forth density

Re,, = Modified Reynolds number

f = Friction factor

g = Acceleration due to gravity (m/sec?)
Ay = Area under downcomer apron (m?)
hag = Head loss under downcomer apron (cm)

hgc = Height of clear liquid in downcomer (cm)



t = Thickness of column (mm)

p; = Internal pressure (atm)

D; = Internal diameter (m)

J = Weld efficiency factor

f ' = Max allowable working stress (N/mm?)

C = Corrosion allowance (mm)

W, = Total weight of the shell of column (KN)

C, = A factor to account for the weight of nozzles
H, = Height , or length , between tangent lines (m)
pm = Density of vessel material (Kg/m®)

D, = Mean diameter of vessel (m)

Fw = Loading per linear meter (N/m)

M, = Bending moment at bottom tangent line (N .m)
X = Distance measured from the free end (m)

8ps = Bending stress in the skirt ( N.mm?)

Sws = The dead weight stress in the skirt (N/mm?)
W = Total weight of the vessel and content (KN)
D = Inside diameter of the skirt at the base (m)

ts = Skirt thickness (mm)

A, = Area of one bolt at the root of the thread (mm?)
N, = Number of bolts

f, = Max allowable bolt stress (N/mm?)

Dy, = Bolt circle diameter (m)

Fy, = Total circle diameter (m)

Dy, = Bolt circle diameter (m)

Fy, = Total compressive load on the base ring per unit length



L, = The distance from the edge of the skirt to the outer edge of the ring
(mm)

t, = Base ring thickness (mm)

f'. = Actual base ring pressure on base (N/mm?)

f, = Allowable design stress in the ring material
kyw = Thermal conductivity (W/m.°C)

U.ss = Overall heat transfer coefficient (W/m2.°C)

A = Area of the transfer (m?)

Dsi = Shell inside diameter (m)

D, = Outside diameter of tube (m)

D; = Inside diameter of tube (m)

L = Length of tube (m)

F+ = Correction for logarithmic mean temp. difference
B.W.G = Bring ham water guge

t, = Wall thickness of tube (m)

A = Cross sectional area of inside tube (m?)

n = Number of tube

h; = Heat transfer coefficient inside tubes (W/m2.°C)
pr = Prentdle number

Apt = The pressure drop in tube side (atm)

Pt = Triangular pitch (m)

Dy, = Bundle diameter (m)

LB = Baffle spacing (m)

A, = Heat transfer area for cross flow (m?)

G, = Mass velocity of material (Kg/m?.sec)

h, = Heat transfer coefficient outside tubes (W/m?.°C)



Aps = Pressure drop in the shell side (atm)
N, = Number of baffle

m_ = Mass flow rate of liquid (Kg/sec)
m, = Mass flow rate of gas (Kg .sec)

U, = Max. design vapour velocity

Dop = Optimum diameter (mm)
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(2-1) MATERIAL BALANCE

Feed of (N.G) = 7512.367736 Kmol/hr

Component | Kmol% Kmol/hr M.wt Wt% Kg/hr | M.wt*Kmol%
In|  Kg/kgmol In

H2S| 5.681| 426.7776111 34 6.693 | 14510.43878 1.93154

Cl| 59.627 4479.39951 16 33.060 | 71670.39216 9.54032

C2 17.7 | 1329.689089 30 18.401 | 39890.67267 5.31

C3| 8.822| 662.7410817 44 13.451 | 29160.60759 3.88168

C4-C10| 8.095  608.1261682 101 28.332 | 61420.74299 8.17595

CO&RSH | 0.003| 0.225371032 62 | 6.445*10 | 13.97300398 1.86*10

N2  0.025| 1.878091934 28 0.024 | 52.58657415 7*10°

H20 | 0.047| 3.530812836 18 0.029 | 63.55463105 8.46*10

Total 100 | 7512.367736 216782.9684 28.85681

W1t% of H,S= Kmol%H,S xM.Wt + ) Kmol% X M. Wt

W1t% of H,S =0.05681 x 34 + 28.85672 = 6.7 wt %




(2-1-1) Material Balance OF Absorber:-

T Sweet Gas Stream (7)

Absorber

N.G Stream (1) ——>

<— Lean Sol. Stream(6)

l

Rich Sol. Stream (2)

(Wt % of H,S in Sweet gas = 50 PPm) ©

Wt of H,S in Sweet gas Stream (7) = 50+ 10° x 216782.2923

=10.839 Kg/ hr

The Rate of H,S in rich sol. In stream (2) = in-out

= 14510.4384 — 10.839

= 14499.5994 Kg/hr

- Every 1 mole of 30% (DEA) removed 0.5 mole of H,S

- Kmol of H,S in rich sol. in stream (2)

e



= rate of H,S in rich sol. In stream (2) + M.Wt of H,S

= 14499.5994 + 34 = 426.4588059 Kmol/hr

Kmol of DEA required :-

DEA H,S
1 0.5
X 426.4588059

X =426.4588059 + 0.5 = 852.9176 Kmol/hr

To obtained high efficiency of absorption we add 15% excess of DEA
sol.

& Total Kmol of lean sol. = req. of (DEA) + excess x req. (DEA)
=852.9176 + 0.15 x 852.9176
= 980.85524 Kmol/ hr
M.Wt of DEA (HOCH,CH,),NH = 105 Kg/Kgmol
~&M.Wt of lean sol. = 0.3 x M.Wt of DEA+ 0.7 xM.Wt of H,O
=0.3x105+0.7x%x18
=44.1 Kg/ Kgmol

The rate of lean sol. in stream (6) = M.Wt of lean sol x Kmol of lean sol.
=44.1 x 980.85524
= 43255.71608 Kg/hr
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Total rate of rich sol. in stream (2) = rate of H,S in rich sol. in stream(2)
+ rate of lean sol. in stream (6)
= 14499.5994 + 43255.71608
= 57755.31548 Kg/hr

- By making over all mass balance of Absorber we get :-
Input = output
(N.G) in stream (1) + lean sol. in stream (6) = Rich sol. stream (2)+sweet gas
In stream(7)
Stream (7) = stream (1) + stream (6) — stream (2)
= 216782.2923 + 43255.71608 — 57755. 31548
= 202282.6929 Kg/hr

Stream No. Comp. In (Kg/hr) Out (Kg/hr)
1 N.G 216782.2923 | ..............

2 Richsol. | ............ 57755.31548
6 Lean sol. 43255.71608 | .............

7 Sweetgas | ............ 202282.6929
Total 260038.0084 260038.0084
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(2-1-2) Material Balance OF Stripper:-

Stream (10) —gf Acid gas

Stream(13)

Reflux

Rich Sol. Stream (3) ——> Stream (12)

Stripper Stream (9)

Lean sol. Stream(8)
%

Assume that reflux rate in stream (12) = 12% (Wt%) *?

Reflux rate in stream(12) = Wt% of reflux x Kg of lean sol. in stream (8)
= 0.12 x 43255.71608
= 5190.68593 Kg/hr

Over all M.B Of Stripper:-

Input = output

Stream (3) + Stream (12) = Stream (10) + Stream(8)

Stream (10) = 57755.31548 + 5190.68593— 43255.71608
=19690.28533 Kg/ hr
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Stream No. Comp. In(Kg/hr) Out(Kg/hr)
3 Rich Sol. 57755.31548 | .............
8 LeanSol.  |............... 43255.71608
10 Acidgas | ...l 19690.28533
12 Reflux 5190.68593  |..............
Total 62946.00141 62946.00141

(2-1-3) Material Balance Of condenser Above The Stripper :-

water(vapour) Stream(10)

Acid gas
Stream(10)

condenser

—> Acid gas stream(13)

Wate

Over All Material Balance Of Condenser :-

Input = Output

Acid gas + water(vapour) = Acid gas + water(liquid)

r(liquid) Stream(13)

19690.28533 + water(vapour) = 19690.28533 + 5190.68593
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£ water(vapour) = 5190.68593 Kg/hr

Stream No. Comp. In(Kg/hr) Out(Kg/hr)

10 Water(vapour) 5190.68593 | ..................
10 Acid gas 19690.28533 | ...
13 Water(liquid) | ................. 5190.68593

13 Acidgas | ... 19690.28533
Total 24880.97126 24880.97126

(2-2) ENERGY BALANCE :-

(2-2-1)Energy Balance Of Absorber:-

-Inlet temp. of lean sol. in stream(6) = 38C
-Inlet temp. of (N.G) in stream(1) = 37C
-Outlet temp. of sweet gas in stream(7) = 38C "2

Sweet gas
Stream(7)
Lean sol.
Stream (/6)
Absorber
N.G S
Stream(1)
dich sol.
3
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Heat of Absorption Of H,S = Amount of H2SxHeat of reaction of H2s

-Amount Of H,S = 14510.4384 Kg/hr
-Heat Of reaction Of H,S = 820(Btu/lb)x 0.646 = 529.72 KJ/Kg

+ Heat Of Absorption = 14510.4384x529.72 / 3600
= 2135.130397 KW

Assume T, = 0C
Heat Of (N.G) =q;=m Cp AT

Comp. Cp (KJ/Kg.C) Cpxmole fraction
(KJ/Kg.C)

H,S 1.0025 5.69x10”

C: 2.2711 1.3541

C, 1.8147 0.3212

Cs 1.7321 0.1528

Cs-Cro 1.7531 0.142

H,O 1.8735 8.8059x10™

N, 1.0388 2.5972x10™

Total 2.028 KJ/Kg.c ™
-Cp Of H,S=A + BT +CT?+DT? T=37C

A=3351 , B=1.547x102%, C=0.3012x10"°, D =-3.292x10°

0 Cp Of H,S = 33.51 + 1.547x10%(37) + 0.3012x10°(37)* —  3.292x10°
9 3
(37)

= 1.0025KJ/Kg.C
2Cp x mole fraction = 1.0025x0.05681
=5.69x10? KJ/Kg.C
Cp Of (N.G) = 2.028 KJ/Kg.C
M =216782.2923 Kg/hr
-Heat Of (N.G) in stream (1) =q; =m Cp AT
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= 216782.2923%2.028x37 /3600
= 4518.465579 KW
-Heat Of sweet gas in stream (7) = g7 = m Cp AT
= 202282.6929x%2.028%38 /3600
= 4330.198179KW
-Cp Of DEA(pure) = 2.24 KJ/Kg.C @
-Cp Of H,0 =4.18 KJ/Kg.C
-Cp Of lean sol. = Cp of DEAxmole fraction + Cp of H,Oxmole fraction
Mole fraction of DEA = Kmol(DEA) / (Kmol(DEA) +Kmol(H,0))
= 980.85524 / (980.85524+6810.625)
=0.12
Mole fraction of H,O = 1- 0.12 = 0.88

% Cp of lean sol. = 2.24x0.12 + 4.18x0.88
=3.9472 KJ/Kg.C

°C ) slall Jsda 5 a dan e Gdle alaaiuly alldy Lelesh Jelall 5 ja s
(45°C) 4>5,55(25
-Quantity of water required = Heat of absorption / (Cp AT)

= 2135.13097x3600 / (4.18%(40-25))
= 122591.2519Kg/hr
£ Kmol of H,O required = 122591.2519/ 18
= 6810.625Kmol/hr
-Heat of lean sol. in stream (6) = gs = m CpAT
= 43255.71608x3.9472x38 / 3600
= 1802.244604KW
-By making Overall Material Balance OF Absorber we get :-

01+ Qs =02 % 0Qy

4518.465579 + 1802.244604 = q, + 4330.198179
000 q2 = 199051004KW
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Calculation of Cp of rich sol.
Cp of rich sol.= Cp of H,Sxmole fraction+ Cp of lean sol.xmole fraction
-Cp of H,S = 0.236 + 9.74t x10”

=0.236 + 9.74x38x10"°
= 0.24KJ/Kg.C

(Tin C)

Mole fraction of H,S = Kmol of H,S /(Kmol of H,S+Kmol of lean sol.)
= 426.4588059 / (4264588059+980.85524)
=0.3

Mole fraction of lean sol. = 1- 0.3 =0.7

£Cp of rich sol. = 0.24x0.3 + 3.9472x0.7
= 2.83504KJ/Kg.C
Temp. of rich sol. In stream (2) = q,/CpAT
=1990.51004x3600/(57755.31548%2.83504)

=43.76 C
Stream No. Comp. Q In (KW) Q out (KW)
1 N.G 4518.465579 | ..................
2 Richsol.  |................. 1990.512004
6 Lean sol. 1802.244604 | ..................
7 Sweetgas ... 4330.198179
Total 6320.710183 6320.710183

(2-2-2) Energy Balance Of Heat Exchanger (Amine — Amine):

.

an sol. stream (5)

Rich sol. Rich sol.stream(2)
Stream(3) H.E —>
T=43.76C T= 90C

Lean sol.

T=116C

Stream (8) 1
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Rate of lean sol. in stream(8) = 43255.71608 Kg/hr
Rate of rich sol. in stream(2) = 57755.31548 Kg/hr
Outlet temp. of rich sol. in stream(3) = 90C *?

gz =1990.512004 KW

Heat of lean sol. in stream(8) = qg =m Cp AT
= 43255.71608%3.9472x116 / 3600
=5501.588792 KW

Heat of rich sol. in stream(3) = g3 = m Cp AT
= 57755.31548x%2.83504%90 / 3600
= 4093.46574 KW

-By making Overall Energy Balance Of H.E (Amine — Amine) we get:-
J2+0s=0s*0Qs

1990.512004 + 5501.588792 = g5 + 4093.46574

gs = 3398.635056 KW

% 1emp. of lean sol. in stream(5) = qs/ m Cp

= 3398.635056 / (43255.71608x3.9472)

=71.6C
Stream No. Comp. Q In (KW) Q out (KW)
2 Rich sol. 1990.512004 | ...l
3 Richsol. | .................. 4093.46574
5 Leansol. | ...l 3398.635056
8 Lean sol. 5501.588792 | ...l
Total 7492.100796 7492.100796
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(2-2-3) Energy Balance Of Heat Exchanger (Amine — water):-

Lean sol.

Stream (6)
T=56.6C

-Assume:

Inlet temp. of water = 25C-
-Outlet temp. of water = 40C

water
J/T =25C
H.E lean sol.
stream(5)
T= 71.6C
ater
T=40C

-Heat gain by water = Heat lost from lean sol.

=m Cp AT

= 43255.71608x3.9472x%(71.6 — 56.6) / 3600
=711.4123438 KW
Quantity of water required = Heat loss from lean sol. x3600 / (Cp.,o AT)
=711.4123438%3600 / (4.18x%(40-25))

= 40846.64175 Kg/ hr

Stream No. Comp. Q In (kw) Q out (kw)

6 Lean sol. 711.4123438 | ..................
Water | ... 711.4123438

Total 711.4123438 711.4123438
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(2-2-4) Energy Balance Of Heat Exchanger (Amine — Water):-

Lean sol.
T=38C

-Assume :-
-Inlet temp. of water = 25C
-Outlet temp. of water = 43.6C

water
T+ 25C
"H.E éLean sol.

T =56.6C

water
43.6C

-Heat gain by water = Heat loss from lean sol.

=m Cp AT

= 43255.71608x%3.9472x(56.6 — 38) / 3600
= 882.1513063 KW

£ Quantity of water required = 8802.1513063x%3600 / (4.18x(43.6 — 25))
= 40846.64175 Kg/hr

Stream No. Comp. Q In (kw) Q out (kw)

6 Lean sol. 882.1513063 | .......ciiinnn..
Water | ... 882.1513063

Total 882.1513063 882.1513063
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(2-2-5) Energy Balance Of Stripper:-

Stream (10) 4&7 — Acid gas

Stream(13)
Reflux
Rich Sol. Stream (3) —>) Stream (12)
Stripper Stream (9)
Lean Sol. Stream(8)
%

-Heat of rich sol. In stream(3) = g5 = 4093.46574 KW

-Heat of reflux in stream(12) = g, = m Cp AT
=5190.68593x4.18x43 / 3600
= 259.1594136 KW

-Heat of acid gas in stream(10) = g;0=m Cp AT
-Cp of acid gas = Cp of H,S xmole fraction + Cp of H,O xmole fraction

Cp of H,S = 0.24 KJ/Kg.C
Cp of H,0 =4.18 KJ/Kg.C

-Kmol of H,0 = Kg of reflux / M.Wt of H,0O
=5190.68593 / 18 = 288.3714406 Kmol/hr

Total Kmol of stream(10) = Kmol of H,S + Kmol of H,0O

= 426.4588059 + 288.3714406
= 714.8302465 Kmol/hr
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Mole fraction of H,S = 426.4588059 / 714.8302465 = 0.6
Mole fraction of H,O=1-0.6 =0.4

£ Cp of acid gas in stream(10) = 0.24x0.6 + 4.18x0.4
=1.816 KJ/Kg.C

-Heat of acid gas in stream(10) = q; o = 19690.28533x1.816x100 / 3600
= 993.2655044 KW
-By making Overall Energy Balance Of Stripper we get:-

Input = Output

O3t (2t Qo = Q10 T Qs

4093.46574 + 259.1594136 + ¢y = 993 2655044 + 5501.588792
Qo = 2142.229143 KW

o =m Cp AT
& M = 2142.229143%3600 / (3.9472x124)
=15756.4221 Kg/hr

Stream No. Comp. Q In (kw) Q out (kw)

3 Rich sol. 4093.46574 | ...l
8 Leansol. | ...l 5501.588792
9 Reboiler 2142.229143 | ...l
10 Acidgas | ... 993.2655044
12 Reflux 259.1594136 | .....eciiiininnn..
Total 6494.854297 6494.854297
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(2-2-4) Energy Balance Of Condenser :-

Water
25C
Acid gas condenser acid gas
Stream(10) stream(11)
100C 43C
Water
40C

-Assume :-

-Inlet temp. of H,O = 25C

-Outlet temp. of H,O =40C

- Heat of stream(10) = gy = 993.2655044 KW
-Heat of stream(11) = g1 = mXxA .0 + M Cp AT

Taverage = (100 +43) /2 =70 C

2,From steam table () at 70C =293 KJ/Kg 19

#0111 = (5190.68593 %293 + 1960.28533 x1.816x43) / 3600
= 464.9849273 KW
-Heat gain by water = (10 — 11
= 993.2655044 — 464.9849273
=528.2805771 KW

Quantity of water required =(528.2805771 x 3600) / (4.18%(40 — 25))
= 30331.89916 Kg/hr
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Stream No. Comp. Q In (kw) Q out (kw)

10 Acid gas 993.2655044 | ...l

11 Acidgas | ...l 464.9849273
Water |
Water 528.2805771

Total 993.2655044 993.2655044
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(3-1) Design Of Absorption Tower :-
y/X: PA/PT [23]

y = POxx/P;
y = mole fraction of H,S in gas phase.
X = mole fraction of H,S in liquid phase.

Pt = total pressure in absorber = 40 atm .
P° = partial pressure of H,S gas = ya x Pt
P°of H,S = 0.05681 x 40 = 2.2724 atm.
y =0.05681 X (equilibrium equation)
Xt =0 (pure solvent of DEA is used)
no. of mole of H,S in sweetening gas = 10.839/ 34
=0.318 Kmol/hr
yr = 0.318/7512.367736 = 4.23x10°
M.B. OF H,S :-
Lm(Xs —X71) = G (Y8 — Y1)
Xg = (Gm/ Lm) % (Y& — Y1)
G = 7512.367736 Kmol/hr
L = 980.855269 Kmol/hr
Xg = (7512.367736 / 980.855269) x (0.05681 — 4.23x10°)
=0.435
Yer— Y1) [ (Vo1 — Yo) = (A" = A) [ (A™ = 1)(
A = Absorption factor =L,/ (G, X k) , K=0.05681
980.855269 / (7512.367736 x 0.05681) =2.298 =
2 (0.05681 — 4.23x107) / (0.05681 — 0) = (A" —2.298) / (A™" - 1)

[24]
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0.999 = (A" —2.298) / (A" - 1)

0.999 A" —0.999 = A" - 2.298

2.298 - 0.999 = A™' - 0.999 A™*

1.299 = 0.001A™!

A™! = 1299 , By taken (In) for both side

Ln A™!=In 1299

n+1) In A =1n1299 (

n+1=1In1299/In A

n+1=1n1299/1In 2.298

n+1=8.616

n= 7.616 (Theoretical No. of plates)

Efficiency of plate (15 — 30)% , then assume the plate efficiency equal to

(130 %,

Actual No. of plate = No. of plate (e / n
=7.616/0.3 = 25 plates

Design across —flow sieve tray for the system :- *°!

1-Vapour :-
Mass flow rate (m,) = 216782.9684 / 3600 = 60.2175 Kg/sec.
v=(p x M.wt) / (RxT) , p = 40atm = 4052 Kpa.p

, T=43°C = 316K

2 pv= (4052x28.85681) / (8.314x316)
= 445 Kg/m®
Volumetric flow rate (Q,) =m, / py, =60.2175/44.5
= 1.353 m*/sec.

2-Liquid :-
Mass flow rate (m_) = 43255.71736 / 3600 = 12.015 Kg/sec.
pm= 1155.802127 Kg/m?*¥"]
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um=7.98x 10 pa .sec. !
QL=m./p.=12.015/1155.802127 = 1.03x10* m?®/sec.

Surface tension = 0.02 J/m?

3-Flow parameter :-

FLo= (QU/Qy) x (pv/ pu)° = (1.03x102/ 1.353) x (44.5 / 1155.802127)*°
=1.49x10°

4-Vapour Capacity (Cy) :-

-Assume plate spacing = 0.46 m

-from fig. (3-1) at F, = 1.49x103 = 1.5x10° B

We get that Cy, = 0.115

Unt = Cep % [(pL- pv) / pv %> = 0.115x[(1155.802127 — 44.5) / 44.5]°°

=0.5747 m/sec.

5-Tray selection :-

If Ay = 0.12 A

The weir length is 0.77 Dy

Net area = A, = A; - Aq

Select a weir height = 80 mm

Hole size = 4.75 mm

Plate thickness = 1.88 mm

6-Selection a design percentage flooding = F = 80%
Un =F x Uy = 0.8x0.5747 = 0.4597 m/sec.

A= Q,/(0.88xU,) = 1.353/(0.88x0.4597) = 3.344 m®
A= /4 DE

3.344 =1 /4 D
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D;=v3.344 X 4/m
=2.063 m

7-Tabulation of Tower areas :-
Tower area = 3.344 m?
Down comer area = Ay = 0.12A;
=0.12x3.344 = 0.40128 m’

Net area = A, = 0.88A;

= 0.88x3.344 = 2.94272 m’
Active area = A; = 0.76A;

= 0.76x3.344 = 2.54144 m?

Hole area = A, = 0.1x3.344 = 0.3344 m°

8-Flooding check :-
U,=Q,/A,=1.353/2.94272 = 0.4597 m/sec.
F=Fx[U,/U,]=0.8 x [0.4597/0.4597] = 0.8 = 80%

9-Calculation of Entrainment :-
From fig. (3-2) at F.,~ 1.5x10° , F=80% , Then the fractional entraiment
(v)=0.042 i.e < 0.2, Therefore satisfactory :
Total entrainment = ¢ =y x m X(1 — y)
=0.042x12.015x%(1 — 0.042)
= 0.483 Kg/sec.

10-Plate pressure drop :-
a-Hole velocity :-
Un = QJ/A, = 1.353/0.3344 = 4.046 m/sec
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Tray thickness / Hole size = 1.88 / 4.75 = 0.396
Hole area / Active area = 0.3344 / 2.54144 = 0.132
From fig. (3-3) , C,x=0.745
APy = 5.08 x (py / p) X Uy” X (1 (Co)?)
= 5.08 x (44.5/ 1155.802127) x (4.046)*x (1/ (0.745)?)
=5.768 cm
b-Aerated liquid drop (h,) :-
Fua= (Qu/ A) x p,*
= (1.353/ 2.54144) x (44.5)*°
=3.551
From fig. (3-4) , Q, = 0.6
L, =0.77 Dy
=0.77 x 2.063 = 1.588 m
how = 66.6 (QL / Lu)"®’
=2.277cm
Weir height = h,, =50 mm =5 cm
Aerated liquid drop = h, = Qyx(hy = how)
= 0.6x(5 + 2.277)
= 4.3662 cm
c-Total plate pressure drop :-
Apr.= Apary * ha
=5.768 + 4.3662 = 10.1342 cm

11- Weep point :-

d)x /(pLd=4.14x10"%; h
= 4.14x10% x0.02 / (1155.802127%4.75)
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=0.15¢cm
Apgry + hs =5.768 + 0.15 = 5.918 cm
hy + how =5+ 2.277=7.277 cm

12- down comer residence time :-
Vg=mpx Ag x p /3600
V4 =43255.71736 x 0.40128 x 1155.802127 / 3600
= 0.026 m/sec
Residence time = tray spacing / V4
=0.46/0.026
=17.7 sec

13-Liquid gradient (A) :-
a-Height of forth = h¢=h, / (2xQ, — 1)
= 4.3662 / (2x0.6 — 1)
=21.831cm
b-hydraulic radius (Ry,) :-
Di=(Ly+Dy)/2
=(1.588 +2.063)/2=1.8255m
Rn = (hs x D) / (2hs + 2Dy )
= (21.83 x 1.8255) / (2x21.83 + 2x1.8255)
=0.842m
c-Velocity of Aerated mass (Uy) :-
U =100%Qc / (ht % ¢ x Dr)
From fig. (3-5) , $ = 0.2, hence
Us; = 100 x 1.03x107 / (21.83 x 0.2 x 1.8255)
=0.13 m/sec
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d-Reynolds models (Rey) :-
Ren = Rp x Us X pp /
=0.842 x 0.13 x 1155.802127 / 7.98x10™
=158538.9735
Fraction factor ( f ) from fig. (3-5) , f = 0.02 B | pipe roughness = 0.05 for
carbon steel . 24
- Calculate A :-
Li=0.77D;=0.77 x 2.063 = 1.588 m
A=12xfxU?x L¢/ (Ryx Q)
A =12 x0.016 x (0.13)? x 1.588 / (0.842 x 9.81)
= 6.238x10 cm

14-Height of Aerated mass in Down comer :-
Assuming aclearance of 1.5 in (38mm) between the down comer apron and
the tray .
Ay = 38x10°° x1.588
=0.06 m?
hg = 16.5 (Qu/ Aga)”
hea = 16.5 (1.03x102/ 0.06)°
=0.486 cm
hec = Apt + 0.1h,, + hoyy + A + hg,
=10.1342 + 0.1 x 5 + 2.277 + 6.238x10™ + 0.486

=13.398 cm
*Height of Aerated liquid = hdc /0.6
=13.398/0.6
=22.33cm
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15-Thickness of column :-

t=((pi x D) / (2xIxf"—p;)) + C

pi = 40 atm = 4 N/mm?+ (10/100) x 4 = 4.4 N/m?

Di = 2.063 m = 2.063x10° mm

J=08, C=2mm ,f'=135N/mm’

t = ((4.4%2.063%x10%) / (2x0.8x135 — 4.4)) + 2
=44.89 mm

16-Ellipsoidal head :- !
t=((pi x Di) / (2xJxf"'—0.2xp;)) + C
= ((4.4%2.063x10°) /(2x0.8x135 — 0.2x4.4) + 2

=44.19 mm
Column height = No. of stages x tray spacing + D
= 25x0.46 + 2.063
=13.563 m

17-Column support ;- %

For vertical cylindrical vessels skirt support are usually used the skirt is
welded flash to the bottom.

*Height of skirt=2m

Thickness of skirt is equal or greater than of shell thickness . Tray*

a straight cylindrical skirt (© = 90°) of plain carbon steel design stress 135
N/mm? and Young's modulus 200000 N/mm? at ambient temp.

The max. dead weight load on the skirt will occur when the vessel is full of
water .

Approximate weight = rt /4 xD¢xheight of columnx1000xg

=



= (1 x2.063?x13.563/ 4 )x1000x9.81
= 444,521 KN
*Weight of vessel :-
W, = C, X 1T X py X Dy Xg X(H, + 0.8 D) xt X107
C,=1.15 (for absorption column)
Dy, = D; + tx107
= 2.063 + 44.89 x10°°
=2.10789 m
For carbon steel vessel , the above equation reduced :-
W, = 240 x 1.15 x 2.10789 x(13.563 + 0.8x2.10789)x44.89x10°
=398.251 KN
*Weight of plate :-
Plate area = /4 xD? = 1/4x(2.063)* = 3.34 m
Weight of plate = 1.2 x plate area
=1.2x3.34=4 KN
25 plates = 25x4 = 100 KN
Weight of vessel = W, + weight of the plate
= 398.251 + 100
=498.251 KN
Total weight = weight of vessel + approximate weight
= 498.251 + 444,521 = 942.772 KN

*Wind loading :-
Take dynamic wind pressure as 1280 N/m? .

Loading per linear meter = F,, = 1280 x 2.10789 = 2698.1N/m

*Bending moment at bottom tangent line :-

=1



M, = (Fy /2) x X?

= (2698.1/2) x 17.3°

=403.757 KN .m
As a first trial take the skirt thickness as the same and that of the bottom
section of the vessel , 44.89 mm
Sps = 4 XMy / T (Ds+ t5) ts XDy

= 4x403.757 x10° x10° / 1x(2.063 x10° + 44.89)x44.89x2.063x%10°
= 2.635 N/mm°

Sws = W/ T(Dy + to)ts

= 444.521x10%/ n(2.063x10° + 44.89)x44.89

= 1.5 N/mm’
ws (test) = approximate weight / (D; + t)*xtsg

= 444 521x10% /1(2.063%10° + 44.89)x44.89
= 1.5 N/mm’
Sws (Operating) = w, / (D + tg)Xt;
44.89x [ (2.063x10° + 44.89) = 398.251x10°
= 4.2 N/mm?
Max. g (COMPressive) = gps + Sus
=2635+15
= 4.135 N/mm®
Max. gs (tensile) = Sus - Sws
=2.635 — 1.5 = 1.135 N/mm?

Take the joint factor (J ) as 85% criteria for design :-

g, (tensile) > f,J sine ©

1.135 > 0.85x135 sine 90°

=t



1.135 > 115
s, (compressive) 2> 0.125 E (t, / Dy) sine ©
4.135 P 0.125x200000x10°%(44.89 / 2.063x10°) sine 90°

4.135 > 543989.3359

Both criteria are satisfied , add 2 mm = 0.002 m for corrosion , gives

design thickness of 46.89 mm

*Base ring and anchor bolts :-
Approximate pitch circle diameter say 2.063 + 0.002 = 2.065 m
Circumference of bolt circle = 2.065x10° xzt = 6484.1
No. of bolts required at min. recommended bolt spacing
= 2.065%10°xm / 600 = 11
Closest multiple of 4 = 5 bolts
Take bolt design stress = 125 N/mm?®
M, = 403.6KN/m
Take W = operating value = 1363.82 KN

1
NbXfb

Ap = x((4Mx/Db)'W)

_ 1
5X125

4x403.757x10° / 2.065) — 498.251x10°%) x ((

= 454.15 mm?
Bolt root diameter = %
=24 mm

®©
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Total compressive load on the base ring per unit length :-
P, = (4My/ nDZ) + (W / nDy)
= (4x403.757x10% / 1x2.063%) + (498.251x10° / 1x2.063)
=1.97768 x10° N/m
Taking the bearing pressure as 5 N/mm.
Ly = Fp/ (Fcx10%)
= (1.97768x10°/ 5 x10%) = 39.5536 mm
Take the skirt bottom diameter as 4 m
Skirt base angle O = tan™ (4 /0.5 (4 — D)
=76.4°
Keep the skirt thickness the same as that calculated for the cylindrical skirt.
Actual width required = L, + t; + 50
=150 + 46.89 + 50
= 246.89 mm

Actual bearing pressure concrete foundation :-
t,=Lr |3—

Where f, = 140 N/mm?
f'c = pp / actual width req.
=1.97768%10°/ 246.89x10° = 0.8 N/mm?

t, = 150 /3 x 28
140

=19.64 mm

17- Optimum diameter of tube :- !

dop = 282 (mL)o'52 X (PL)_O'37



=282 (12.015)%? x (1155.802127)%%
= 75.58 mm = 7.558 cm

18- Cost column :- [10]

h=13.563m , D=2.063m , pressure =40 bar , carbon steel

cost =32000 $ , from fig. (3-6)

pressure factor = 1.8 , from fig. (3-6)

Material factor =1 , from fig. (3-6)

Cost = 32000x1x1.8 = 57600 $

Cost in 2016 = cost in 2004x(cost index in 2015 / cost index in 2004)

Cost index in 2004 = 480

Cost index in 2015 = 1081

Cost in 2016 = 57600%(1081 / 480)

=129720 $

= 167338800 I.D
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Summary :-
Type of tray
Tower diameter
Tray spacing
Active area

Hole area

Down comer area
Hole / active area
Hole / tower area
Hole size

Weir length

: Single pass cross flow sieves tray
:2.063 m

:0.46m

1 2.54144 m°

1 0.3344 m°

£ 0.40128 m?

:0.132

0.1

2 4.75 mm

:1.588 m

Down comer clearance : 38 mm

Tray thickness
No. of tray

Length of column

:1.88 mm
1 25
:13.563 m

Thickness of column : 44.89 mm

Type of head
Type of support

Cost of absorber

. Ellipsoidal head
- SKirt support
: 167338800 I.D
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(3-2) Design of Heat Exchanger:-
Lean sol.
81.25°C= T,
Rich sol Rich sol.
Heat Exchanger
t, =80°C t1 =43.76°C
Lean sol T
116°C=T,

Rich solution :-
T = (80 +43.76 ) / 2 = 61.88°C

.- Physical properties at 61.88
p=1135.12 Kg/m* ¥

Kg /m.°C 271 = 1.4x10%
71 Cp=3.974 KJ/Kg.°C
@71 K =0.4457 W/m.°C

Q=mCpAT



= 16.043x3.974x%10°%(80 — 43.76)

=2310476.924 W

Lean solution:-

Ta =(116 + 81.25) / 2 = 98.625°C

Physical properties at 98.625°C

p=1809.39 Kg/m’ [271
i = 8.5x107% Kg/m.oC 7]

Cp = 3.80744 KJ/ Kg.cc "
K=0.4188 W/m.ec [

T, =116°C
AT,
t, = 80°C

AT1- AT2
n AT2

AleTl—t2:116—80:360C

—

AT, =T,—1,=81.25-43.76 = 37.49°C

000 ATLm = 36-70C
_T1-T2  _ 116-81.25
t2—-t1 80—43.76

=0.96

®©
Ny

T, = 81.25°C

t;=43.76°C

AT,



t2—t1 80-43.76 26
= = = 0.5 [

T T1-t1 116-43.76
AT x Ft =36.7x0.85 = 31.195°C
From fig. (12-19) the temp. correction factor = Ft = 0.85
Then :-
AT m % Ft =36.7x0.85 = 31.195°C

From standard table and trial and error method , the value of overall heat

[26]

transfer coefficient ( U,s) is equal to 287 W/m.°C

Tube side :-

Q =2310476.924 W

Q = UgsX AX ATy

2310476.924 = 287 xA x31.195

A, = 258 m?

Use tube length=L=4.88m !

Outside diameter = Do = 0.0156 m  [*°]

Wall thickness = t,, = 0.00206 m

Inside diameter = Di = Do — 2t,, = 0.0156 — 2(0.00206)
=0.01147 m

Cross section area of one tube =Ai = 7 Di’/4

= 1x(0.01147) /4 = 0.000103 m?

A=mn.Do.L.n , 1 = number of tube
A 5
n = = — -~ 1079 tubes
m.Do .L X0.0156 X4.88

velocity of rich sol. In tube = U =m / (p xn xAi)
=16.043/(1135.12x1079%0.000103)
=0.127 m/sec



The economical and optimum velocity of fluid in tube is (0.9 — 1.237)m/sec ,
then to solve this problem we use 8 tube pass - [
Then the velocity becomes :-

U =8x0.127 = 1.016 m/sec

Calculate heat transfer coefficient for tube side :-
hi = C. Re®®. pr®® [20]

C =0.027 for viscose liquid

Re=puDi/p=1135.12 x1.016 x0.01147 /(1.4x107%)

= 9448.674016
Pr=p Cp/ K =1.4x10°x3.974x10° / 0.4457
=12.483
2 hi =0.027 (9448.674016)°° (12.483)*** (0.4457 / 0.01147)
= 3655.316049 W/m>.°C
Calculate the pressure drop in tube side :-
Apt = 4f 5o (28]
f=0.0014 + —5or—
Re
f=28x10"

% Ap=4x8x107(4.88/0.01147) x(1135.12x1.016% / 2x1)
= 7976.37527 pa = 7.97637527 Kpa = 0.0787 atm
Shell side :- [
Used triangular pitch
Pt=1.25 Do = 1.25 x0.0156 = 0.0159 m
Clearance between tubes = Pt —-Do = 0.0195 — 0.0156 = 0.0039 m
Dy, = Do (N / K)*"
N = number of tubes
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Db = bundle diameter
For 8 passes, K=0.0365 ,n=2.675 [table 1.5]
Db = 0.0156 (1079/0.0365)"%%"
=0.73m
Use pull — through floating head exchanger
From fig. (12 — 10) , the shell bundle clearance =93mm = 0.093 m
Shell inside diameter = Dsi = Db + clearance
=0.73+0.093=0.823 m
Baffle spacing :-
Optimum baffle spacing = Lg = 0.35 Dsi
=0.35x0.823 = 0.28805m
No. of baffle used = (L/Lg) -1
= (4.88 /0.28805) — 1 = 16 baffle
Calculate the heat transfer coefficient area for cross flow :-
Aa=(Pt—-Do)Dsi.Lg/Pt
= 0.0039 x0.823 x0.28805 / 0.0195
= 0.0474 m?
Gs=m/As=12.015/0.0474 = 253.49 Kg/ m*.sec
Us=Gs/p=253.49/1809.39 =0.14 m/sec
Calculate of heat transfer coefficient for shell side :-
ho = C. Re”® .Pr’®, (K/de)
C =0.023 for non — viscous liquid
Equivalent diameter = de =1.1 (Pt* - 0.917 Do*) / Do
= 1.1(0.0195% -( 0.917 x0.0156%) / 0.0156
=0.0111m

Re = Gs.de/p =253.49 x0.0111 / (8.5%107)

=331.0281176
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Pr=p Cp/K =85x10" x3.80744x10° / 0.4188
= 77.276
ho = 0.023 (331.0281176)*® (77.276)°* (0.4188 / 0.0111)

= 377.8837069 W/m®.°C
Pressure drop in the shell side :-

Ps=8J (Dsi/de) (L/Lg)(pUs?2/2)A

0.125
f=0.0014 + 2123

Re

=0.02

J=f/2=002/2=001

2 APs =8 x0.01 (0.823 / 0.0111) (4.88 / 0.28805) (1809.39 x0.142 / 2)
= 1781.874 Pa = 0.0176 atm

(L / Lg) is the number times the flow cross the tube bundle :

=N, +1

=16+1=17
Calculation of overall heat transfer coefficient (U,) :-
11 1 Indo/ . do do
U ot heat9Zxw Tam T ana

1/ ho = 2.646316795 m*.°C /w
1/ hod = outside fouling resistance = 0.21x10° m?. °C/w @
do / di .hi = inside fouling resistance = 17x10™ x0.0156 / 0.01147
= 2.31x10° m? .°C /w
Thermal conductivity of stainless steel = Kw = 55 w/m.°C

do
In /di
2 Kw

= 4.36x10° m?.°C/w
do/ hi .di = 3.720799321x10™ m?.°C /w

Wall resistance = do
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1/ Ugy=3.5%10° m*.°C /w

Uca = 285 W /m?.°C

% error = (287 — 285 ) /287 = 6.96x10"
Ay = 2310476.924 / (285%31.195) = 259.8 m®
Asss = 258 m?
Baffle calculation :-  *®

N = 1079 tube

Db=0.73m

do =0.0156 m

Pt=0.0195m

L=4.88m

Lg =0.28805 m

Dsi =0.823 m

Baffle cut = 25%

Baffle cut height = Hc = 0.25 Dsi = 0.25%0.823 = 0.2 m

Height between baffle tips = H = Dsi — 2Hc = 0.823 - 2x0.2 =0.423 m
Hb = Hc — ((Dsi — Db) /2) =0.2 - ((0.823 - 0.73) / 2) =0.1535 m
Tube vertical pitch =Pt ' = 0.87 Pt = 0.87x0.0159 = 0.0169 m

No. of constriction crossed = no. of rows between the baffle tips
Ncv = (Dsi — 2Hc) / Pt ' = (0.823 - 2x0.2) / 0.0169 = 25

No. of tube in widow area = Nw = Nt x Ra'

Nt = no. of tube (total)

Ra ' =window area / total area =0.19  (for 25% cut)
Nw = 1079 x 0.19 = 205 tube (one side)
No. of tube in cross flow area = Nc = Nt — 2Nw

®©
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= 1079 - 2x205
= 669 tube

Heat exchanger support ;- 1

We select standard saddle support type because this type is suitable for shell

& tube H.E type — which placed horizontally .

Cost of heat exchanger :-

Floating head , area =258 m® , shell & tube , carbon steel

Pressure factor =1 , from fig. (6-6)

Material factor =1 , from fig. (6-6)

Cost =60000$ , from fig. (6-6)

Cost = 60000x1x1 = 60000 $

Cost in 2016 = cost in 2004x(cost index in 2015 / cost index on 2004)

Cost index in 2004 =480

Cost index in 2015 = 1081

Cost in 2016 = 60000%(1081/480) = 135125 $ = 174311250 I.D

Summary :-
Tube side :-
Aass = 258 m’
L=4.88m

Do =0.0156 m
tw = 0.00206 m
Di =0.01147 m
N = 1079 tube
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U=1.016 m/sec

hi = 3655.316049 w / m?.°C
AP =0.0787 atm

Shell side :-

A= 0.0474 m*

Db=0.73m

Dsi =0.823 m

L 5 =0.28805 m

Us = 0.14 m/sec

ho = 377.8837069 w/m?.°C
Aps = 0.0176 atm

Ucal = 285 w/m?.°C
Acal = 259.8 m?

Gas — liquid separator - : Jikw — & dlald (3-3)

Ol sl S Jslae g (HS) Gl amnsS Jle diadl dlaldll o Jerius
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(3-3) Design of Gas and Liquid separator ;- !

M, =5190.686083 Kg/hr = 1.442 Kg/sec
M, = 14499.59963Kg/hr = 4.027 Kg/sec
U, = 0.035%(p / pv)*°

= 0.035%(1155.802127 / 44.5)°°

=0.1783 m/sec
Q.=m,/ py,=4.027 / 44.5 = 0.0905 m®/sec
Separator area= A =Q,/U,= 0.0905/0.1783
=0.803 m’

Di = (4A /n)*?

= (4x0.803 /1)>>=1.011 m
Qu=m./pL= 1.442/1155.802127 = 1.247x10° m*/sec
Volume for (10 min) hold up = 1.247x10°® x10 min / 60sec

=0.7482 m®
Liquid depth = 0.7482 /0.803 = 0.9317 m
Length of separator = D; + liquid depth
=1.011 + 0.9317
=194 m

Optimum diameter :-
Dop = 282 (M0 )™ (p) ™

= 282(1.442)***(1155.802127) *¥

=25 mm

No. of mole of DEA = m_ / M.wt

®©
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=1.422 /105 = 0.0137 mole
No. of mole of H,S = my / M.wt
=4.027 /34 =0.118 mole
Total mole = 0.0137 + 0.118 = 0.1317 mole / sec

No.of mole of H2S ,

() +v(p

No.of mole of DEA
Total mole

=(0.0137/0.1317) x44.5 + (0.118 / 0.1317 ) x1155.802127

Pmix-—

Total mole

= 1040.199704 Kg/m®
Dop (DEA , HyS ) = 282 (M + m\)*** (pmix. ) %
=282 (1.442 + 4.027)°°2(1040.199704) ¥
=52.195 mm
Separator Thickness :-
Operating pressure = 2 atm

Design pressure = p; = 2x1.1 = 2.2 atm = 0.223 N/mm?®

Pi XDi
= +

t= 2Jf-Pi

0.233 x1011
2+ =
2x0.8x135-0.233

= 3.04 mm

Ellipsoidal head :-

_  PixDi
2Jf—-0.2 Pi

_ 0.233X1011
2X0.8X135-0.2%x0.233

= 3.04 mm



Separator Support ;- !

For vertical cylindrical vessels skirt support are usually used the skirt is
welded flash to the bottom.

The cost of Gas- Liquid Separator ;- *°!

h=194m , D=1011m ,p=2.0265 bar

Material of construction : carbon steel

Cost=8000$% , from fig. (6-5) ( b)

Pressure factor=1 , from fig. (6-5) (b)

Material factor =1 , from fig. (6-5) (b)

Cost = 8000x1x1 = 8000 $

Cost in 2016 = cost in 2004 x(cost index in 2015 / cost index in 2004)
Cost index in 2004 = 480

Cost index in 2015 = 1081

Cost in 2016 = 8000%(1081/480) = 18016.66667 $ = 23241500 1.D

Summary :-
L=194m
D=1011m
A =0.803m°
Dop =25 mm
P=2atm

t=3.04 mm

E[’
(C



LO__ T "1 1 T TTI7 T T L A B | I I A
0.50r ——__ TRAY SPACING,IN. ’
n e e = "‘"*--..._
S T 6 |
R e
>
Q" —.--—_\IB —
<L 12
Q
S
z 0lIo .
> X =
" K .
m I~ —
w
¥  005F 4
i .
0.0l | 1 L1 11 I 1 [ I | |
0.0l 0.0 1.0 50

LM (R
v VM, fﬁ

Figure 11.8 Tower Sizing Correlation for Sieve Trays

Fig.(3-1) Tower correlation for sieve
Trays
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Fig.(3-4) aerator factor and relativity density of sieve trays
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Equation (3.18)-AP, = 4 ¢ El pu?

Equation (3.20) hy= 8 ¢ L Y°
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Fig. (3-5) Pipe friction chart @ versus Re (also see fold-out in the Appendix)




Equipment cost, $1000

Time base mid 2004

1000.0
= =
1/ //n
100.0 g
/I/, - =
A 1
P ar D
- o
Hf_//’ //,"
) L1
10.0 {(?} ié?‘/
(0 i
Ry
1.0
1.0 10.0 100.0
Vessel height, m
(b) US dollars
Diameter, m Material factors Pressure factors
—05 @—2.0 C.S. x 1.0 1-5bar x 1.0
%_1 0 @_30 S.S. X 2.0 5_10 X 1.1
' ’ Monel x 3.4 10-20 x 1.2
S.S.clad x 1.5 20-30 x 1.4
Monel x 2.1 30-40 x 1.6
clad 40-50 x 1.8
50-60 x 2.2

Temperature up to 300°C

Fig. (3-6) vertical pressure vessels. Time base mid-2004 .

Purchased cost = (bare cost from fig.)xMaterial factor xpressure factor)
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Shell inside diameter — bundle diameter, mm
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Fig. (3-8) shell - bundle clearance , m




Table (1-3) Constant used to calculate the tube bundle diameter.

Pitch type | Constants Number of tube passes (1
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Shell and tube heat exchangers

1000.0 Time base mid 2004
gz
g gEmiee
& 1000 z =
g ATt :
o X =
g s T B=a
L=
g 100==
[3]
a
1.0
10.0 100.0 1000.0
Heat transfer area, sqm
(b) US dollars
Materials Pressure factors Type factors
Shell Tubes 1-10 bar x 1.0 Floating head  x 1.0
(1) Carbon steel Carbon steel 10-20 x 1.1 Fixed tube sheet x 0.8
@ cC.s. Brass 20-30 x 1.25 U tube x 0.85
CS. Stainless steel 30-50 x 1.3 Kettle x 13
S.S. S.S. 50-70 x 1.5

Fig. (3-9) Shell and tube H.E. Time base mid - 2004

Purchased cost = (bare cost from fig.)x Type factorx pressure
factor
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1-proportional control.
2-proportional integral.
3-proportional derivative.
4-PID.
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Final
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. control
Set point A\
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TIC = Temperature control
P1C = Pressure control
LIC = Level control

FIC = Flow control
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1- Maximum Temperature = 116°C = 389k
From Fig. (1) we get Ft = 0.015
2- Maximum Pressure = 40 atm
From Fig. (2) Fp = 0.15849
3- Material of construction = stainless steel
From table (1) we find Fa=0.2
4- Complexity factor Cf
(Ft +Fp +Fa)

Cf=2x10

(0.015 + 0.15849 +0.2)
=2 x10
=4.726
5- Capacity Production = 1.899 x 10 kg/year
From Fig. (3) Cpf = 0.763% million / function Unit
6- N = Number of unit =5
To calculate ((1)) ( Investement)
| = Nx Cpf x1.33 x CCI /300
CCI = Construction Cost Index = 4175.7
| =5 % 0.763 x1.33 x 4175.7/ 300

= 67.7 million $

®©
Lo M

- Jonall &S laaa (4 -5)



Type of capital Percentage of million $
Investment fixed capital
1-caxdll o5 jeaY) 25 16.925
2- <L) 11 7.447
3- iyl 10 6.77
45 b 2 1.354
5- 4y 8 5416
6- JJ=l 2 1.354
7- il e Sl 3 2.031
8- U=V 2 1.354
0- cleadll 9 6.093
10-cuaill 5 Al 14 9.478
11- J8ladl) 48 4 2.708
12- s\ shll 10 6.77
g sanall 100% 67.7 million $



b A b (5-5)

IS 4GS 40 10% = By) A -]
67.7x 0.1 =
N 0nk 6.77=
A A8 (0 295 = il puall 4K D
67.7x 0.02 =
N onkl.354 =
AN A4ISN (e 1% = (el 28K -3
67.7x0.01 =
Y52 05k0.677 =
IS AlSl) (50 30% = Jleal) 48K 4
67.7x0.3 =
Y52 052031 =
Jlead) 48K + y0alil) A8l + ) puall 48l + YY) 44l = 4L &) 4siK])

N ek29.111=
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