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The composition of N.G is :-

Compound | Mole % M .wt Wt % Mole frac. « M wt
N2 28 0.03 0.035 0.0084
Cl 16 66.00 44.25 10.56
C2 30 17.29 21.74 5.187
C3 44 11.545 21.285 5.0798
I-C4 58 1.15 2.79 0.667

n-C4 58 2.00 4.86 1.16
I-C5 72 0.62 1.87 0.4464
n-C5 72 0.46 1.39 0.3312
C6 86 0.26 0.94 0.2236
C7 100 0.09 0.38 0.09
C8 114 0.01 0.05 0.0114
H20 18 0.545 0.41 0.0981
Total 100 % 100 % 23.8629

Average M. wt = 23.8629

W1t% of H,O in stream 1 =0.41 %

The mass flow rate of N.G in stream 1 = 202,271 kg / hr

Wt. of H,O in stream 1 is

=2 % 202,271 =828.3 kg / hr
100

Amount of H,O IN stream2 =70.6 »10"¢kg H,0/ m*N.G (")




Temperature of inlet N.G = 30°C (")

Pressureofinlet N.G=54atm (")
- _ PxM.wt
Density (p)=~——~

_ (54%101.3)%23.8629
8,314 (30 +273)

p=51.8172 Kg/m®

wt. fraction of H, O in stream 2 is =

—6 kg H20
70%10 m3 dT'yNG
kg dry N.G
51.8172 m3*dry N.G
- Kg H20
=13625 x 107 ———
Kg dry N.G

N.G Free H,0 =202,271 — 829.3 = 201,441.7 ’;—g

Let amount of H,O in stream?2is R

Kg H20
Kg dry N.G

R=1.3625 * 10~° « 202,271’;—5;

R=0275%2

hr
Amount of stream4 is
=829.3 — 0.275 = 829.0255 :—f
Mass flow rate of stream 2 is

=202,271 — 829.0255 = 201,441.9745 :—f

* Using concentrating Glycol (100 %) ¢

* Every 1 kg of water is absorber by (26 — 60)
lit. of TEG , Select 43 lit

TEG density at 30 °C equal 1.05 kg / hr

Flow rate of stream 3 is



=1.05 % (829.0255 * 43 ) = 37,430.5013 kg / hr
Flow rate of stream4 is :-

= 37,430. 5013 + 829 .0255

= 38,259 .5268 kg / hr

IN kg/hr

m no. 1 3 2 4

name

of stream

N.G 202,271 - - -

Lean TEG - 37,430.5013 - -

Dry N.G

201,441.9745

Rich TEG

38,259.5268

Total

239,701.5013

239,701.5013

(stripper) £/ 5N 7 0 Ao salal Aijlga Y- VY




_ > stcam
Rich 2 @ Reflux

water
TEG

steam

Stripper

@ Super
Lean _ heating

TEG steam

Antion equation is

LnPy=A-—"— —-—---—oo——oo oo (2)

T+C

A ,Band C are constants

Pyv=VAPOR Pressure in mm Hg

T = Temperature in K

For Water : ©
A =18. 3036 , B=3,816.44 |, C=-46.13
ForTEG: ®
A =20.2501 , B=6,022.18 =-28.25

Temperature of stripper equal to 199°C ©
Forwater at 199°C , Py, =11,408 mm Hg

For TEG at 199°C ,Py=795.5 mm Hg



vapor pressure of water (9) _ _ _ _ _ (3)

Relative Volatility (a)=

vapor pressure of TEG

1,1408

a= = 41.341
795.5

Xd o« (1—Xd)] _______ @)

Minimum Reflux ratio (Ry,) = a1_1 [ Xr 1-Xf

Xd = mole fraction of Water in stream 10
Xd=1

Xf = mole fraction of water in stream 8

829.0255
18
Xf=35350255 _ 374305013 =0.1558
18 150
R,,=0.4811

* Optimum Reflux ratio lies between 1.2 to 1.5 of minimum Reflux ratio
(8)

R = optimum Reflux ratio

R=(12t015) Ry -~ ——————-————---—--- (5)
Choose , R =1.35 R,,=0.64945

Let , A=stream1l

B =stream 10

0.64945 = -4
B—-A

B =2.53976 A *)



Overall M.B on Stripper

Stream 8 + stream 11 = stream 7 + stream 10

38,259.5268 + A = 37,430.5013 + B

B-A=82907514 _

By Solving (*) and (**) , we get:

A =538.41216 kg/ hr

B =1,367.43767 kg / hr

IN kg / hr Out kg / hr
8 11 7 10
of stream

Rich TEG | 38,259.5268

Reflux 538.41216
Lean TEG 37,430.5013

Steam 1,367.43767

Total 38,797.93896 38,797.93896




(Refiux Tank ) o ¥ ¢iid Jga dalall dijlga Y- )Y

| > Reflux Tank @

Water > Water
Water
v
Overall M.B on Reflux Tank
Stream 10 = Stream 11 + Stream 12
1,367.43767 =538.41216 + Stream 12
Stream 12 = 829.0255 kg /hr
IN kg/hr Out kg/hr
10 11 12
of stream
Water 1,367.43767 - -
Water - 538.41216 -
Water - - 829.0255
Total 1,367.44 1,367.44
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N.G -« > Dry N.G

Process

Water

Mass in = Mass out

Mass in = 202,271 kg / hr

Mass out = stream 12 + stream 2
Mass out = 829.0255 + 201,441.9745

=202,271 kg / hr

IN kg / hr Out kg / hr
1 2 12
of stream
N.G 202,271
Dry N.G 201,441.9745
Water 829.0255
Total 202,271 202,271
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Taking Reference temp =0 °C
The following equation are used for calculating heat capacity (Cp)
CH,:
Cp=19.251 +5.212 *10° T + 1.197 * 10° T~ 1.131 * 10® T*
C,Hs:
Cp=5.409+1.781* 10" T -6.937 * 10° T°+8.712 * 10° T°

CsH; :
Cp=-4.224+3.062*10" T-1.586*10" T°+3.214 *10° T°
i —C4Hy :
Cp=-1.39+3.847 *10" T - 1.847 * 10" T* + 2.895 * 10°® T°
n-CsHy:
Cp=9.487 +3.313*10" T-1.103* 10" T>-2.821 * 10° T°
I-CsH:andn—-CsHy,:
Cp=-3.626 +4.873* 10" T—2.58* 10" T*+5.304 * 10° T°
CesHys :
Cp=-4.413 +5.819* 10" T—3.118 * 10* T*+6.493 * 10° T®
C/Hys -
Cp=-5.146+6.761 * 10" T - 3.65* 10" T* + 7.657 * 10® T°
CsHys :
Cp=-6.096+7.712 * 10" T — 4.195 * 10° T* + 8.855 * 10° T*
N, :
Cp=31.15-1.356 *10° T + 2.679 * 10° T°— 1.168 * 10° T°
H,O :
Cp=32.243 +1.923 *10° T + 1.055 * 10° T?—3.596 * 10® T*
TEG:

Cp=235.697 +2.483 * 10" T —1.497 * 10” T>+3.00 * 10° T°



Where ;
Cp in J/ mole .°K
Tin °K

(Absorber) gabaiay) z n Ao 48Ul dijlga Y- ¥-¥

Dry N.G €
we © N Q
Lean TEG
s 30°C
=
]
)
2
@ |-
N.G )U
30°C @
> Rich TEG
The temp. of N.G in stream 1 =30 °C
The temp. of N.G in stream 2 =30°C
The temp. of N.G in stream 3 =30°C
Component Cp——,30°C Cp * mole frac.
mol .°K
N, 29.17597 0.00875291
C; 35.82769 23.6462754
C, 53.24686 9.2063821
Cs 74.887767 8.6457927
iI—Cy 99.0314934 1.138862174
n—Cy 99.619988 1.99239967
i —Cs 121.814652 0.7552508
n—Cs 121.814652 0.5603474




Cs 145.082885 0.3217755

C; 168.332049 0.15149884

Cs 191.52702 0.0191527
H,O 33.69422 0.1836335
Total 46.68556367

M .wt of N.G = 23.8629

46.68556367 KJ

Kg °K

=1.9564078

Cpof N.G =

Cp of Lean TEG at 30 °C = 98.02542

mole .°K

M .wt of TEG = 150

98.02542 KJj

Cpof Lean TEG = = 0.653503
Kg °K

mole fraction of water in Rich TEG is

829.0255

Tzonzss_—37azosors — 0.155812
18 ' 150

Mole fraction of TEG in Rich TEG is
=1-0.155812 =0.844188
Cpof RichTEG

=0.155812 * 33.69422 + 0.844188 * 98.02542

= 88.002 — 2

mole .°K

M .wt of Rich TEG is

=0.155812 * 18 + 0.844188 * 150

= 129.43282




o2 = 0.679905 —~

129.43282 Kg °K

Cpof Rich TEG =

Rate of heat transferred = g
q=mCpAT=mCp (T — Tref)-——"""===———- (7)
g=m~CpT

q, = 202,271 * 1.9564078 * 30

g, =1,187,173 Kl/hr

(. = 201,441.9745 * 1.9564078 * 30

. =1,182.3080 KJ/hr

(s = 37,430.5013 * 0.653503 * 30

(3 = 733,828 KJ/hr

Q1+ 03=02* 04

11,871,736 + 733,828 = 11,823,080 + q,
g4 = 782,484 Kl/hr

Q:=mCpT,

782,484 = 38,259.5288 * 0.679905 * T,

T,=30°C

In KJ/hr Out KJ/hr

Stream No. 1 3 2 4

Streamname

N.G 11,871,736 - - -




Lean TEG 733,828 - -

Dry N.G - 11,823,080 -

Rich TEG - - 782,484
Total 12,605,564 12,605,564

(H.E.1)e ) ad Jabsall Joa 4BUal) 4531 g0 Y- Y-¥

Cpof Rich TEG in stream5 at 165 °C

=0.77253

K]
Kg .°K

Cpof Lean TEG in stream6 at 175 °C

=0.79511

KJ

Kg °K

Cpof Lean TEG in stream?7 at 185 °C

= 0.80540

K]
Kg .°K

Cpof Rich TEG in stream8at 172 °C

=0.797145

K]
Kg .°K




gs = 38,259.5268 * 0.77253 * 165

gs = 4,876,856 KJ/hr

Qe = 37,430.5013 * 0.79511 * 175

Js = 5,208,239 KJ/hr

g; =37,430.5013 * 0.8054 * 185

g, =5,577,107 KJ/hr

s +07=0¢+ Qs

4,876,856 + 5,577,107 = 5,208,239 + Qg
Qs = 5,245,724 Kl/hr

5,245,724 = 38,259.5268 * 0.797145 * T,

Tg=172°C
In KJ/hr Out KJ/hr

Stream No.

Stream~aame 5 7 6 8

Rich TEG 4,876,856 - - -

Lean TEG - 5,577,107 - -

Lean TEG - - 5,208,239 -

Rich TEG - - - 5,245,724
Total 10,453,963 10,453,963
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Cpof Rich TEG in stream9at 172°C is
=0.797145 KJ/Kg.°K

Cpof Lean TEG in stream 10 at 185 °C is
= 0.8054 KJ/Kg.°’K

Cpof Lean TEG in stream11 at 199 °C is
= 0.81806 KJ/Kg.°K

Cpof Rich TEG in stream12 at 182 °C is
=0.8275

(o = 38,259.5268 * 0.797145 * 172

Qo = 5,245,724 Kl/hr

(10 = 37,430.5013 * 0.8054 * 185

010 = 5,577,107 Kd/hr

0.1 = 37,430.5013 * 0.81806 * 199



Q11 = 6,093,459 KJ/hr

Qo+ 011 =q10* Qa2

5,245,724 + 6,093,459 = 5,577,107 + (1,

012= 5,762,076 K/hr

5,762,076 = 38,259.5268 * 0.8275 * T,

T,=182°C
In KJ/hr Out KJ/hr
Stream No.

Str name 9 11 10 12
Rich TEG 5,245,724 - - -
Lean TEG - 6093459 - -
Lean TEG - - 5,577,107 -
Rich TEG - - - 5,762,076

Total 11,339,183 11,339,183




(stripper) £I 5N z » Jo 4Bl A3j)ga oo ¥-¥

(13 = 5,762,076 KJ/hr

(14 = 6,093,459 KJ/hr

(16 = 538.41216 * 4.2 * 60 = 135,680 KJ/hr

AHdf steam at 120 °C = 2,718.5 KJ/Kg

Q.7 =1,367.43767 * 2,718.5 = 3,717,379 Kl/hr
O13% Qi6* Q15= Qs + Q17

5,762,076 + 135,680 + g5 = 6,093,459 + 3,717,379
Q5 = 3,913,082 KJ/hr

AHdf steam at 250 °C = 3,000 KJ/Kg

Mass rate of steam used in boiler is



= 3,913,082 / 3,000 = 1,304 Kg/hr

In Kd/hr Out KJ/hr
Stream No.
Strea me 13 15 16 14 17
Rich TEG 5,762,076 - - - -
Steam - 3,913,082 - - -
Water - - 135,680 - -
Lean TEG - - - 6,093,459 -
Steam - - - - 3,717,379
Total 9,810,838 9,810,838

((C-3) iiall Jga ABUal) 4531 g0 - ¥-¥

Qg = 3,717,379 Kl/hr

0.1 = 1,367.43767 * 4.2 * 100 = 574,324 Kl/hr
Rate of heat transfer to water = g5 — (1

= 3,717,379 — 574,324 = 3,143,055 KJ/hr

3,143,055 = m * 4.2 * (60 — 20 )




m = 18,708.66 Kg/hr
Qo = 18,708.66 * 4.2 * 20 = 1,571,527 KJ/hr

Q20 = 18,708.66 * 4.2 * 60 = 4,714,582 KJ/hr

In KJ/hr Out KJ/hr

Stream No.

Streamwqame 18 19 20 21

Steam 3,717,379 - -

Water - 1,571,527 - -

Water - - 4,714,582 -

Water - - - 574,324

Total 5,288,906 5,288,906

( C-4) ial Joa 4Bl 453l ga V- Y-

Q2= 574,324 K/hr
Q25 = 1,367.43767 * 4.2 * 60 = 344,594 KJ/hr

Rate of heat transferred to cold water is



Q22— Q25 = 229,730 KJ/hr

229,730 =m*4.2* (46 —20)

m = 2,103.754 Kg/hr

Q.3 =2,103.754 * 4.2 * 20 = 176,715 KJ/hr

(24 = 2,103.754 * 4.2 * 46 = 406,445 KJ/hr

In KJ/hr Out KJ/hr

Stream No.

22 23 24 25
Water 574,324 - - -
Water - 176,715 - -
Water - - 406,445 -
Water - - - 344,594
Total 751,039 751,039

( Reflux Tank ) a8 I A Joa 4BUal) Aijlga A - Y-

Q26 = 344,594 KJ/hr

027 = 135,680 KJ/hr



26 = 027 + O2s
344,594 = 135,680 + Qg
Qs = 208,914 KJ/hr

208,914 = 829.02255 * 4.2 * Ty

T, =60°C
In KJ/hr Out KJ/hr
Stream No.
Stream~aame 26 27 28
Water 344,594 - -
Water - 135,680 -
Water - - 208,914
Total 344,594 344,594

( Heater) ¢ivuall J ga 48Ual) 453 90 - ¥-¥

Q20 = 782,484 Kl/hr

(32 = 38,259.5268 * 0.77253 * 165



(32 = 4,876,856 KJ/hr

AH of steam at 500 °C = 3,609 KJ/Kg
AH of steam at 200 °C = 3,049.5 KJ/Kg
Heat transfer to Rich TEG is

= 3,609 — 3,049.5 =559.5 KJ/Kg
4,876,856 — 782,484 = m * 559.5

m = 7,318 Kg/hr

(30 = 7,318 * 3,609 = 26,410,346 KJ/hr

(a1 = 7,318 * 3,049.5 = 22,315,974 KJ/hr

In KJ/hr Out KJ/hr

Stream No.

Streaq_name 29 30 31 32

Rich TEG 782,484 - - -

Steam - 26,410,346 - -

Steam - - 22,315,974 -

Rich TEG - - - 4,876,856

Total 27,192,830 27,192,830




(C-2) iisall Jga ABUal) il ga ) +- Y-Y

(33 = 5208239 KJ/hr

Cp of Lean TEG at 60 °C = 0.68595 KJ/Kg.°K
(35 = 37,430.5013 * 0.68595 * 60

035 = 1,540,527 KJ/hr

5,208,239 — 1,540,527 =m * 4.2 * (50 — 25)
m = 72,747 Kg/hr

(34= 3,400,697 KJ/hr

Qss = 7,068,409 KJ/hr

In KJ/hr Out KJ/hr

Stream No.
Stream~name 33 34 35 36

Lean TEG 5,208,239 - - -

Water - 3,400,697 - -

Lean TEG - - 1,540,527 -

Water - - - 7,068,409

Total 8,608,930 8,608,930




(C-1) &Sall Jga d8Ual) 453 g0 Y V- Y- ¥

0s7 = 1,540,527 KJ/hr

O3 = 733,828 KJ/hr

1,540,527 — 733,828 = m * 4.2 * (25 — 10)
m = 28,700 Kg/hr

(s = 534,946 KJ/hr

Qa0 = 1,341,645 KJ/hr

In KJ/hr Out KJ/hr
Stream No.
Stream~ame 37 38 39 40
Lean TEG 1,540,527 - - -
Water - 534,946 - -
Lean TEG - - 733,828 -
Water - - - 1,341,645
Total 2,075,473 2,075,473




4,081 d3UaY) A5 ) ga Y Y-Y- Y

Energy in = Energy out

Energy in =0y + Q15+ Q19+ a3+ Q30 + O3s + O3g

=11,871,736 + 3,913,082 + 1,571,527 + 176,715 + 26,410,346 +
3,400,697 + 534,946

Energy in = 47,879,049 KJ/hr

Energy out= 0, * Q2o + 024 + g * 031 + Q36 + a0

= 11,823,080 + 4,714,582 + 406,445 + 208,914 + 22,315,974 +
7,068,409 + 1,341,645

Energy out = 47,879,049 KJ/hr
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) el A€ ) S elld ) geal) 3 aaee V) e LAY aiias (B Lae DDA (ga
ALl i3 pa dexdiadl dgipall ¢ 515 (0.9 e S O sSe il () (51) 38 Ledugas
. (3-1) JS&l & a0 WS (Molecular Sieve Tray) 4

Aokl b gall dae Glea ¥ Y LY

Dry N.G €
Gs, ¥~ Ls , Xn+
Lean TEG
Gs .V
> Rich TEG
Ls, X1
= AKX, Ve 8)
Pr

Ya = mole ratio of water in gas phase

Xa = mole ratio of water in liquid phase
PA = vapor pressure of water in absorber
P+ = Total pressure in absorber

Antoine equation for water is :- ©

3816.44
T—-46.13

In P, =18.3036 -

So, vapor pressure of water at 30°C = 0.0413 atm



Total pressure in absorber = 54 atm

_0.0413
AT 5y

X4
Y A =0.000765 Xa

Gs = mole flow rate of inert in gas phase

mole flow rate of N.G = 222271 _ g 476.4 X!
23.8629 hr

mole flow rate of water in N.G = _812'3 = 46.1 K;"rol

Gs=8476.4 —46.1 = 8430.3

Kmol
hr

Ls = mole flow rate of inert in liquid phase

_ 374305013

Kmol
hr

YA =0.000765 XA

So, m=0.000765

Lg =———— = 249.54
150
L C
Ls
YA =m XA _______________________
0 — 0.000765+8430.3
- 249.54
YN— C;
e
In@

= 0.025844

N = Theoretical number of traies

Y n = mole ratio of water leave stage N

Y. = mole rate of water leave stage N
N =

mole rate of inert



Y.

mole rate of water leave tray N is

:0.275 _ 0.01528 Kmol
18 hr
= 0.01528 _ 1.81% 10-6
8430.3
_Yo—mX, 9 ____ o _______
C= (13)
C1=YO_C2 (9) ______________________ (14)
mole rate of water enter the absorberis
829.3 — 461 Kmol
18 hr
mole rate of water en.ter absorper _ (15)
mole rate of inert
Yo=—2%1 —54684% 1073
8430.3

mole rate of water leave absorberwith TEG is

_829.0255

= 46.06 Kmol/hr

_ 46.06
249.54

=0.1846

1

C, = 5.4684+1073-0.000765%0.1846
2 1-0.025844

C,=5.46851 * 107

C,=5.4684 * 10° - 5.46851 * 10° =-1.1 * 10"

1n1'81*10_6_(_1'1*10_7)
N = 5.46851+10~3
In 0.025844

N=2.176

E-=51-325 log (M) *)-==-————-—————--- (16)



E. = overall column efficiency

E, = number of Thioretical plates
0o =

number of Actual plates

M, = molar liquid average viscosity
o, = Average relative volatility of the light key component

For water : (¢

Log 4 =658.25 (% —

Log u=1,365 (iT —

Where :

iin m N.s/m?

Tin°K

So, viscosity of H,0 at 30 °C = 0.7043 * 10 pa s
Viscosity of TEG at 30 °C = 12.9684 * 10° pa.s
Viscosity of Top of column = 0.0129684 pa .s = |,

Viscosity of bottom of column =,

w; , W, = mass fraction of TEG and water respectively

I, ,lU, = viscosity of TEG and water respectively .

1 0.97833 0.02167

Hp 12.9684% 1073 = 0.7043% 1073




W, = 0.00942 pa.s

0.0129684+0.00942
2

n, = 0.111942 pa.s
Vapor pressure of water at 30 °C = P, = 31.4mmHg

Vapor pressure of TEG at 30 °C = P; = 0.1885 mmHg

E.=51—32.5* log (166.6 * 0.0111942)

E. = 42.2033%

2176 _ 51560

0.422033

Actual No. of plates =

N actual — 6 plates

e A s diua o ddlaall £ ) Y

-Vl Geia s A5 Aia G ALl S5 (a0, 9) G W el 5 Al Baee DU

M (o +,0) st oA shuia G Ailue a2ty Lesde 5 (a0,
(o ++°) Al siiina o dile jiais 13

Liual) asaal 0.

dgandl jhd (lua Yo VY

N.G mass flow rate = m, = 202,271 Kg/hr



Volumetric flow rate of N.G=Q, =2 -————————————- (21. a)

v

_ 202,271
51.8172

Q. = 3,903.55 m?® /hr

mass flow rate of TEG = m, = 37,430.5013 ’;—f

Qu="t ———-——m—mm—om—————o——— o (21.h)
PL

3

_ 37,430.5013 — 33.8584 m>

1105.5 hr

F.v = The liquid — vapor flow factor

Fuo=ge (82)0% smmmmm oo (22)

33.8584

I:Lv = (

3,903.55

51.8172
1105.5

)0.5

F.,=1.87786 * 107

(12)

Vapor spacing ( Csp ) = 20+ 10~ = 0.095

At 30 °C , surface tension = 51 * 10™ N/m

Cso=(Csb )20+ 0 * (—20*10_3)0'2 #) e (23)
Cyp = 0.095 * (22227902 = (11456

20%10

U.s = Flooding vapor velocity

Unr = Cop (—pL; Pry0.5 (12) - — oo (24)

v

1,105.5-51.8172
51.8172

Uy = 0.11456 * (

)0.5
U, = 0.5166

Design for 85 percent flooding at maximum flow rate (®)



U;,k,_ = F* * nf T (25)

U, = actual velocity
U, =0.85%0.5166 = 0.4391 m/sec

Taking down comer area as 12 percent of total column cross section

area (&)
Ad =0.12 At
An = Net Area

An = At-Ad = At-0.12 At

An = 0.88 At
An=2—- & ) _____ (26 . a)
Ui 0.88U;
- % o ______.
"~ 0.88U; (26 .b)

Q, = 3903.55 m*/hr = 1.08432 m*/sec

1.08432
0.88%0.4391

= 2.8062 m?
At = sz

2.8062 =~
4

Dt=1.89m

Aadiical Livallpgi Y-0 -V ¥

There are three types of traies :- (**)



1- reverse flow trays :
Used when liquid flow rate is (0 — 0.003 m*/sec)

2- Cross flow trays :
Used when liquid flow rate is above (0.003 - 0.03 m*/sec)

3- double pass trays :
Used when liquid flow rate is above 0.03 m*/sec
Liquid flow rate = 0.00941 m%/sec

So, Reverse flow trays are used

(") 7l claluadgan ¥ oo V. ¥

- Tower Area= At = 2.8062 m’
- Down Comer Area = Ad = 0.12 At
= 0.336744 m’
- Net Area = An = 0.88 At
= 2.469456 m’

- Active Area = At-2 Ad

= 2.132712 ¢
- Select holes Area 10% of total tower area ¢®’
Hole Area = Ah = 0.1 At = 0.28062 m’
From fig. (3-7)
Weir length is 77% of Diameter, L.,
L, = 0.77 Dt
L, = 1.4553 m
Take weir height = 50 mm (¥
Take Hole diameter =5 mm  (®

Take plate thickness =5 mm (%)



A e Jld) v lbwa £ -0 VY

From fig. (3 - 4)
Fractional Entrainment, y = 0.05

Total Entrainment is e

M (12) o _____
e=v L (27)
e= 005 * 37430.5013 — 1970 K_g

- hr
e=055~2
hr

chiallhod clwa 00\ ¥
Ll Livallhiadagh V0.0 ¥

Maximum vapor velocity through holes

1.08432
Uy = LLAES = 3.864 m/sec
Ap  0.28062

plate thickness _ 5mm __ 1
hole diameter 5mm
Ap 0.28062

= ———=20.1316

Ag 2.132712

From fig. (3—8)

Orifice Coefficient (C.) = 0.767

» 1
APay =5.08 (B9 Uf ()* —=============- (28)
51.8172 1
APgry =5.08* 1105.5 )* 3.864% + (0.767)2

APy, = 6.044 Cm

ha J4all 7 g jeal) Jilud) AliStlad ol Jagad Y00 \_ ¥

Fin= (32) py® (1) —mmm oo (29)



how = 66.6 (S_L)O.67 (8)

h, = Qp (hw + how) T

_ 1.08432
2.132712

* 51.81720>

va
Fva= 3.66

Fromfig. (3 - 5)
Aeration factor=Q;=0.6
L, =1.4553 m

how = Weir crest of water

9.4051% 103
Now = 6.66 (2= —~—)%67
ow ( 1.4553 )

how=2.272 Cm
h,, = weir height

hy =50 mm =5Cm

ha=0.6*(5+2.272)

h, = 4.3632 Cm

luall I hralilagn Yooy Y

= 6.044 + 4.3632

= 10.4072 Cm H,0O/ tray



h, = 4.14 * 10* —2— (12)
pL dh

Acceptable value of AP iy

—————————————————— (33)
h,=inCm
o =1in N/m
dh=1in mm

h, =4.14 * 10* * 2258
1105.5%5
h, =0.4344 Cm

APy +h,= 6.044 + 0.4344

=6.4784 Cm

The operation above the relevant line in fig. (3 — 9) there for weeping is

not forming a problem.

:djm‘g‘)e—d\ué sl e Gla V-0 N\ ¥

Down comer velocity based on liquid = Vd

- mp, (12)

" 3,60044 py.

Vd =

37,430.5013

B 3,600%0.336744%1105.5

Residence time =

= 0.028 m/sec

_ Tray spacing
vd

=03 _ 17.86 sec

~ 0.028



The residence time (17.86 sec) is more than the lowest value of (3 sec),
S0, the time is acceptable

s Jlad) plaad) Gleaa Ao _ VY

sdoiuall Jo 5 g8 ) A el lwa Y A0 LY ¥

he = 22222 = 21,816 Cm

2%0.6—1

‘R Al ds g jaal) ACH Sl el jhil) Chal clwa YA 0_ V. ¥

D; = Lw‘z"Dt (2) _ _ _ _ _ _ _ _ _ __ _________ (36)
D, = 1.4552+1.89 — 167265 m
_ _hgDf 12y __ o ____.
Rn = 2 hy+12Df (37)
Ry 21.816%1.67265

B 2%21.816+12%1.67265

R, =0.57252 m

U JAalbda g jaall ALY de ps s Y oA OV Y

Up= 100 —%— (1) oo (38)
hy @ Dy

Fromfig (3-5)

®=0.2

_ 100%9.4051% 1073
21.816+0.2%1.67265

f



_RnUrpr (12
R = f (12)
ur

U; = 0.12887 m/sec

‘R i) Jalaa cibua £ A 0 _ V- ¥

_ 0.56282 %0.12887%1105.5
Reh -
0.0120142

=6793

s AiaY) Jalra lwa 0 A0 Y Y

Fromfig (3—6)
f = friction factor = 0.4

© Va1 A0 Y Y

0.4% 012887%%1.4553
0.0178%9.81

V=100

V=55Cm

‘hy, SO s aal) Alatualllagd Glwa VA0 V¥

Assume clearance 40 mm, the distance between the end of down comer

hga=16.5 (-2 ) ==
da

and tray
Ay, = L * clearance

Az, = 0.04 * 1.4553 = 0.058212 m?

9.4051% 1073 |2
( 0.058212 )

hga = 16.5 *



hga= 0.431 Cm

thy MY s el (b Jaaluda g jaal) ALY Pl ) s 4 -0 Y. ¥

Nge= APy + hy + N+ V + hy, () mmmmmmmmmmm oo (42)

he = 10.4072 + 5 + 2.272 + 55 + 0431
hge = 23.6 Cm

This height is less than half the distance between two plates , So, the
selection of tray spacing is acceptable

s aladdldae Gleaa 1oV Y

Area of one hole = f d? = f (0.005)2

=1.964 * 10° m?

A
No. of holes = L
Area of one hole
0.28062
=———— = 14,288 hole
1.964% 1075

 oSalSaal) asaalll VY - ¥

e, dgard) o la VYV oY Y

f = Design stress , Mpa
f =135 Mpa =135 * 10°N/m® at 30°C ~ (®)
J = Joint factor

J = 0.7 for double welded butt of non-radiography



Design pressure = 1.1* 54 =59.4 atm
=81 *10° N/m’

C = Caorrosion allowance

=0.002m ®

_ 59.4% 10°%1.89
2%0.7%135% 100—59.4% 105

+ 0.002

€s
e, =0.0633 m

g, sladdldlawg £ giaaas YV _ V¥

Select tori spherical heads (Dished Heads)

PR;C; (8)

=3 Jf+P(C—02) (44)
C, = stress concentration factor
Cs=025(3+(R/R)™) ¥ -mmmmmmmm (45)

% should be more than 0.06 to avoid buckling ‘®’
k

Select 2¢ = 0.0625

Rk
R. = should be less than Column diameter (1.89 m) (®’
SelectRg=1.5m
So0,Cs=1.75

_ 59.4% 10°%1.5%1.75
2%0.7%135% 106+59.4% 105%(1.75-0.2)

€

e. = 0.0787

¢ dgarddilaca YVoY Y
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For carbonsteel :-

W =240 C, D,, (H, + 0.8 D) 5 ¥+ ————————————————- (46)
C, = 1.15 for absorber Column

D,, = mean diameter of Column

Dy, =D, + & * 10°

Dy, =1.89+63.3*10°=1.9533 m

H, = Height or length between tangent lines (the length of Cylindrical

section) , m

H,=3.5m

W =240 *1.15*1.9533 * (3.5 + 0.8 * 1.9533) * 86.63
W =236.4 KN

L gl 5 Y-YoVoY -

. . - . I . KN
Contacting plates, carbonsteel, including typical liquid loading 1.2 —

plate area

Plate area =~ * 1.89% = 2.80552 m?
Weight of plates =6 * (1.2 * 2.80552)
=20.1997414 KN

:UJSSHJA’J\QJJ | (R VI R o

Total weight of column =W + w, of plates

=236.4 + 20.199744



=256.599744 KN

= 256,600 N

s al) £ g3 £ ¥ VoY Y

Select Bracket supportof single Gusset plate

Fes=60Lcte (¥ ——-——--—--—--—mmmm - (47)
Fgs = Max. design load per bracket ( N )

Lc = characteristic dimension or bracket depth (mm)

tc = thickness of plate mm

Fgs = 256,600 N

t.=5mm

256600 =Lc *5

Lc =51320 mm

syl ALY Y

Select 4 legs with circular cross section (0.1 m) and 2 m length
Volume of one leg = f x 0.12 %2 = 0.015708 m?

p =8100Kg/m3

Weight of legs =4 * (8100 * 0.015708)

=509 Kg

Weight of Column = :"ﬁ

_ 256600

> = 26157 Kg




Total weight = 26,157 + 509 = 26,666 Kg

ton

Select sand, hard clay foundation (4 — 10 F)

ton

Select 7 =
Foundation = i‘—‘::l (&) (48)
7%10° =222
A =381 ft
Select circular foundation base
d=0.72 m

3 gand) A41C Cluan 4 ¢

Equipment Cost = material factor * pressure factor * costfrom fig. (6 —
2)

- For carbonsteel, material factor=23.7 (&
- At 54 atm, pressure factor = 2.2 (%)
- Costfrom fig (6— 2) = 135£ per plate
No. of plates = 6 plates
Equipment Cost=3.7*2.2* (6 * 135) £
=6,593.4 £
1£=1.9383%
Equipment Cost=12,779.9213% in 2004

Costin 2016 = (Costin 2004)x<2 index in 2016

cost index in 2004

Costindex in 2004 =480
Costindex in 2016=1081



1081

Costin 2016 = 12,779.9213*E = 28,781.44776%
Costin 2016 = 28,781.44776$*1290 = 37,128,067.61 ID

3 gard) S ) Gl Y o8

Column Height = No. of tray * spacing + Dt ¥ ——————-—- (49)
=6*05+1.89
=4.89m
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—
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Plate below

Fig.(3 -1) Typical cross — flow plate (sieve tray) @
Downcomer and weir

Major beam

Major beam

clamp, welded™,
1o tower wall

Subsupport plate ring
used with angle ring



Fig . (3 - 2) Typical sectional plate construction ©
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Fig . (3 — 4) Entrainment correlation for sieve plates ©
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Fig . (3-7 ) :Relation between down comer Area and weir length ®
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Use one shell pass and two tube passes
T2

1
t1 >

Ty

—p



T,=199 °C

T,=185°C
t,=172°C
t, =182 °C

A8 3 ) al) L) Jaleal duw 831 A8l LIS Y oYY

Fromfig. (3-7) (¥

w

Assume U. = 96

m2.°k

AT, 3 Al Sl (3 Al Jara s Y _Y Y

T,=199 °C

t, =182 °C

\\ 185 °C =T,

172°C =t
(Ty—t)—(Tp—
ATimro=— nZT1£t22 F1) (18) e (50)
To2—-t1

_(199-182)-(185-172)

A TLMTD - ln199—182
185-172

A TLMTD =14.91 °C



1= e, e mmm ol (51. a)
= 199-185 =
182-172
= T (5L b)
=i
From fig (3-8) ®)
The temp. Correction factor = Ft = 0.875
ATn=FtAT yrp ~~—=——————=-—=-—=--—------- (52)
AT,=0.875*1491=13°C
oAl JEY dabue gl £ Y 1Y
Q=UAAT, ¥ ——-mmmmmmmmm oo o (53)

From chapter 2

Q =0Q11—Q10=6,093,459 — 5,577,107
Q =516,352 KJ/hr

Q=143431 W

143431 =96 * A * 13

A =114.9287 m’

s clilaae Qs oYY

Choose 20 mm outer diameter, 16 mm inner diameter, the material of

construction is cupronickel ¢®’

Taking tube length =3m (&)



Area of one tube =t dL

= * 20 * 10> *3 = 0.1884956 m?

114.9287
0.1884956

Number of tube =

=610 tube

cddral) jhad s 1 Y Y

Taking the arrangement of tubes as triangular

Dy = do (Z_I)l/nl (®) e (54)

Nt = n.. of tubes

D, = bundle diameter, mm

d. = tube outside diameter ,mm

K, and n; are constant

K,=0.249 andn, =2.207 ®

D, =686.5 mm

Using pull - through flooting head
Fromfig. (3-9)

Bundle diametrical clearance = 92 mm
Shell diameter, D, = 686.5 + 92 =778.5 mm

L ANl adlall gLl Jalaa Vo Y _ ¥

_ 1724182

Mean Rich TEG temp. =




=177 °C
Tube cross sectional area = Z x 0.0162

=2.0106 * 10 m?

610

Tube per pass = —~ = 305 tube

Total flow area = 305 * 2.0106 * 10™
= 0.0613233 m°

Mass rate of Rich TEG =m

m = 38,259.5268 kg/hr

m = 10.62765 kg/sec

pUA=m

p=1,100 kg/m°

1,100 * U * 0.0613233 = 10.62765

U =0.15755 m/sec

Re = pUdi
U
For water; (¥
log 4 = 65825 (> — ——)
gu= ' T  283.16
For TEG : (&)
1 1
log 2= 1,365 (F_ 402.41)

viscosity of water at 177 °C =y, =1.374 * 10* pa s



viscosity of TEG at 177 °C = p, = 0.44 * 10° pa s
W, = weight fraction of water = 0.02167

W, = weight fraction of TEG = 0.97833

L_ Wiy W (s

u Hq 2%
K is viscosity of Rich TEG

1 0.02167 0.97833
u 1.374% 1074 4.4%x107%

n=4.2*10" pa.s

_1100%0.15755%0.016
4.2%10"%

Re

Re = 6602 , turbulent flow

K= 3.56 * 105 Cp (2—4)1/3 ) (55)

K = Thermal conductivity for liquid in w/m .°c
Cp = specific heat capacity in KJ/kg .°c

p = density in kg/m’

1 = Molecular wt.

K]
kg .°c

Cp of Rich TEG at 177 °c = 0.8123225
p of Rich TEG at 177 °c =1,100 %

L. WE. = 130

k=3.56 * 10° * 0.8123225 * (112°)1/3

k =0.06482 w/m .°c



pr:ﬂ B (56)

K
pr= 4.2+ 10" %%0.8123225% 103 ~53
0.06482
hidi .
o =Jn Repr® ()01 () o (57)
jn = heat transfer factor
L/di = =22 = 305
0.016
Fromfig. (3-13)
j,=35*10°
»
Neglect .
h;x0.016 — 35 " 10_3 N 6602 N 5.30_33
0.06482
h =162 ——
me .°cC
ho (2 A ailall pldal) Jalaa A - ¥ _ ¥
Choose baffle spacing = 0.2 Ds ‘®)
Lg =0.2 *778.5 = 155.7 mm
Tube pitch = 1.25 d.
P,=1.25*20=25 mm
Cross flow area =~ f;td° DLy (8 == mmmmmmmmmeee - (58)

_25-20

x 0.7785 * 0.1557

= 0.0242425 m?



Mass rate of TEG =m
m = 37430.5013 kg/hr = 10.3974 kg /sec

Mass velocity = G = pU = m/A

_ 10.3974 9 kg
0.0242425 m2.s

S

Equivalent diameter = de

= (P2 —0917d3) ¥ —mmmm oo (59)

de= == (0.0252 - 0.917 * 0.022)

de=0.0142 m

199+185

=192 °C

Mean shell side temp. =
p=1105 Kg/m®

H=0.35*10"pa.s

Cp=10.81173 KJ/ Kg .°K

K =0.061232 w/m .°c

Re= Gsde (8)
u
Re= M = 17,405 turbulent flow
0.35x1073
pr=£°2
K

_0.35%1073%0.81173%103
0.062132

Pr = 4.573

jy=45*10° , fromfig. (3-1)



ho d,

— jh Re PT1/3 (%)0.14 (8)

K

Neglect£

g Bw

hex0.0142 _ 4.5 % 1073 * 17405 * (4.573)
0.062132

ho = 568 w/m?.°c

Uo A 5 ) adl JUD) Jalaa s 8-Y ¥

Thermal conductivity of cupro - Nickel alloys = 50 ﬁ

Fouling Factor = 5000 w/m®.°C

do

do lnz do do

1

1 1
—=—+ —+ L+ +— (60)
Uo ho hoa 2 kw dihiq d;xh;
20

11 1 0.02InT- 20 1 20
U. 568 5000 250 16 5000  16%162

w

Us = 100 —~

me.

¢ bial) jlaaiiclea VoY _ Y

a- Tube side pressure drop A Pt

AP=Np (835 ()™ +25) 2L —--mmmm oo (61)

APt in N/m’

Np = no. of tube — side passes
Ut = tube side velocity m/sec
L = Length of one tube

From figure (3-4)
J=5*10"



Neglect £
g HUw

APt=2 (8*5* 1072 * 3. 2.5) 1100% (0.15755)2
0.016 2

APt=273 pa
APt=0.04 Psi acceptable (less than 10 Psi)
b- Shell side pressure drop APs

2
APs=8Jf2—: i Lx (fy 08 (8 oo (62)

. . . G
U, = shell side linear velocity =—
p

U, =222 = 0.38824 m/sec
1105

Fromfig. (3 —2)
J;=45* 10
Neglect (ML)

0.7785 " 3 " 1105% 0.388242

AP,=8*45*10% *

0.0142 0.1557 2
AP¢= 31,669 pa
AP¢ = 4.5945 psi acceptable (less than 10 psi)

s (Sl anaadll VY Y
t Adial) dlaw V-V VY _ ¥

R i B e (63)
2f]-P

t, = thickness of shell , mm

p = design pressure = 1.1 * operating presser

D = shell diameter ,mm

D =778.5 mm

f = Design stress . pupa

f =110 ppa ‘¥

J = Joint factor

J =0.7 (Double welded butt of non-radiography) ‘®’

C= Corrosionallowance , mm



C=2mm

0.11
E*(778'5+2*2)

 2%110%0.7—0.1113585

ty =2.773 mm

minimum thickness of shell =11.1 mm

S

So, shell thickness is 11.1 mm
1o Adaal) gl Y_VY_Y_ Y

Select ellipsoidal heads in which Major to Minor
ratio =2:1

P (D+2C

= ( ) 4 ¢ (12)
2] f-0.2P

_0.1113585%(778.5+2x2)

B 2%¥110%0.7-0.2%0.1113585

t.=2.772 mm

Minimum thickness of Coveris 11.1 mm (%

So, Cover thickness = 11.1mm

cailacall ¥oNNY LY

Using two steel saddles

Fig. (3 — 6) shows saddles layout.

A AR

Weight of shell is W,

W, =240 C, Dy (H, + D) t, *)  N----------- (65)

H, = length of shell =4m

D,, = mean diameter of shell
D, = D; +t, * 10° m
D, = 0.7785 + 11.1 * 10°
D, =0.7896 m



t, = shell thickness, mm

t; =11.1 mm

W, =240 *1.15* 0.7896 *( 4+ 0.8 * 0.7896) * 11.1
W,=11,204 N =11.204 KN

W, = 1,142 Kg

Volume of pipe material is

=% 0.02°%3 — ~x 0,016+ 3
=3.4*10" m’

Volume of pipes material =610 * 3.4 * 10™
=0.2074 m’

P cupro — nickel = 8,800 kg/m®

Weight of pipes = 0.2074 * 8,800

= 1825 Kg

Volume of shell = f % 0.7785° * 4

=1.904 m°®

Volume of pipes = 610 * f * 0,022

=1.19m’

weight of TEG in shell =1.904 —0.2074
= 1.6966 m’

p TEG = 1,100 Kg/m®

weight of TEG = 1,100 * 1.6966
=1,866.25 Kg

Saddle diameter = 2 E
=2*0.285=0.57/m

1
Volume of saddle = ” ball volume

0.57

-1 x4 0.57
T2 375(2

) =0.17012 m®
weight of saddle =0.17012 * 8,100



= 1,378 Kg

Weight of two saddles =2 * 262 = 2,756 Kg
Total weight = 1,142 + 1,825 + 1,866.25 + 2,756
=7,589.25 Kg

Select sand, hard clay

Foundation = 7 ton/ ft> (&)

7,589.25

Area

7*10° =

Area =1.084 m?

Select circular Foundation base
1.084 = d*

d=1m
el Jabdiddls Ay ¥

Fixed head , area 115 m? , carbon steel shell cupro-nickel tube , operation
pressure =1 bar

Type factor =1

Pressure factor =1

Cost from fig. (6-1) =12,000£

Costof exchanger= 12,000*1*1=12,000£ in 2004

Costof exchanger =17,375.95%

xCost index in2016

Costin 2016 =(Costin 2004)

cost index in2004

Costindex in 2004 =480
Costindex in 2016 =1,081

Costin 2016 = 17,375.95*221

480

=39,132.0874%

Costin 2016 =39,132.0874*1290=50,480,392.74 ID
For two exchanger
Total cost=2 * 50,480,392.74 =100,960,785.5 1D
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Fig. (3 — 10 ) shell — side heat transfer factor , segmental baffles (®’
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Fig. (3 — 11) shell — side friction factors , segmental baffles ¢®’
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Fig . (3—12) Tube — side heat — transfer factor ¢*’



Reynolds number, Re ——»

Fig. (3 —13) Tube — side friction factor
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Y=015m
C=0.68m
E=0.285m
J=0.22m

G =0.095m
t,=7.785 mm
t,=5mm

Bolt diameter =20 mm

Bolt holes =25 mm

(%) (god)) siesal : (3-15) Jus

Dilute aqueous

Boiling organics \

Condensation organic vapours \
Paraffins
Heavy organics . \\




Fig . (3- 16 ): Over all Coefficient (Joint process side duty to service
side and read U from Centre scale ) (%)
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Fig.(3-17) : Temp. Correctionfactor for one shell pass ; two or
more even tube passes (®)
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Fig. (3 -18) : shell bundle clearance ‘®’
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g gd) 2 g 85 (Balall &) ga) (SUN Jaadl) SIS aa) ) A Gl o3 8
%Ye,Y4yo

Ay pa Ml GlA ada Gl Y-V ¥

e Assume vessel half full

e Holding time for vessel is 10 min (?)

1,367.43767

3
Volumetric flow rate = = 1.3674 T:—r

10
*[, 1,3674%—
Vessel volume :% = = 50

0.5

V= 0.4558 m°
v<amd

Type of vessel use in reflux tank is vertical mounted on legs .¢®’

sdgand g Glwa W _ ¥

Select L / D ratio = 3 (¥

v=2pD*L
4
So,D=058m , L=174m

cAladdl) Gag Al e v v

Operating temp. =60 ¢
Operating pressure = 1.0 atm

 asiail) Sala LSA| o ¥ ¥




The engineering material used in constructing the vessel is carbon steel

s S il il g culaidl) 1 v v

- Select manhole diameter 50 Cm?
- Calculation of pipe diameters :-
a- Input pipe
Q=U*A
U=2mis ®
Q =3.79844 * 10" m°/sec
3.79844 * 10" =2 * A
A =1.8100 * 10 m?
So,d=0.015m
Standard diameter is 0.015 m

b- Reflux pipe :

Reflux rate = 538.41216 kg/hr =0.1496 kg/sec
Q =

0.1496
1000

= 1.496 * 10" m*/sec

1.496 * 10* =2 * A

So, A= 7.48 * 10° n7’

d=0.00976 m

standard diameter is 0.01 m (&)

C- Product pipe :

mass rate = 829.0255 kg/hr = 0.230285 kg/sec
Q=2.30285 * 10 m’/sec

A =1.151425 * 10" m?

d=0.012 m

standard diameter is 0.015 m (¥

: QA Silal) asanall) VoYo Y

() SIAY daw Y VoY Y




e; = vessel thickness , m

D = Diameter of vessel, m

D=0.58

J = Joint factor

J=0.7 (for double welded butt of non-radiography)
f = design stress, pa

f=125*10° (¥

p= design pressure = 1.1 * operating pressure

C= Corrosionallowance = 0.002 m

e = 111,457.5%0.58 4 0.002

2%0.7%125%106-111,457.5

e; = 0.00237 m
e 1A sl dlaw Y.V Yo ¥

Select tori spherical heads (Dished Heads)

. = PRG ¢ (8 (66 . b)

2]f+p (C-0.2)

e. = cover thickness ,m

C, = stress Concentration factor

R. = crown radius

R, = knuckle radius

Rk should be more than vessel diameter (0.06) to avoid buckling‘ ®’

R

Select % = 0.0625

(o}

R.should be less than vessel diameter (0.51371 m)

1
0.0625

Cszi(3+ )=1.75

_ 111,457.5%0.5%1.75
2%0.7%*125%1004+111,457.5

+ 0.002

c



e. =0.003 m
e.=3mm
cele ol ailua A Y- Y

For Carbonsteel

W= 240 CvDm (H,+ 0.8 Dm) g, (#) —————————————- (68)
Cv = 1.08 for Reflux tank

Dm = mean diameter of vessel =D + e, * 10°% m

Dy, = 0.58 + 2*10° = 0.582 m

Hv = Height = 1.54113 m

e, = Column thickness ,mm

g =2mm

w =240 * 1.08 * 0.582 *( 1.54113 + 0.8 * 0.582) * 2*10°
W=605N=F,

Weight of water in vessel = Py,0 * Voo

=1000* ( 0.4558 * 0.5) = 228 kg

F, =228 *9.81 =2237 N

Fes=F.+F,=2842 N

Select Bracket supportof single Guesst plate

Fgs =60 Lc tc ®)

Lc = characteristic dimension or bracket depth (mm)

tc = thickness of plate (mm)

let tc =5 mm

Lc =9 mm

Foundation : gua¥) A Y- Y

Select two legs with circular cross sectional (0.05 m) and 2m length .
Volume of one leg :g *0.05° *2 =3.927 *10° m°

Wt. of one leg = p v = 8100 * 3.927 * 10° m’
=31.81 Kg



wt. of two legs = 63.62 kg

wt. of vessel = FB/9.81

=2842/9.81 =290 kg

Total wt. =290 + 63.62 = 353.62 kg

Select sand hard clay foundation

Foundation = 7 * 10° X2 (8)

ft?
Foundation = 2& (®)
Area
* 103 _ 353.62
7 10 - Area
A=0.051 m’
Select circular Foundation base
d=0.072 m

QAN LS 4y v

Material factor=1

Pressure factor=1

Costfrom fig. (6 -2) =2,000£

Purchased cost = 2,000*1*1=2,000£ in 2004
Purchased cost = 2,895.99%

Costin 2016 = (Costin 2004)*<25t thdes In 2016

cost index in2004

Costindex in 2004 =480
Costindex in 2016 =1,081

Costin 2016 = 2,895,99*:2°21

480

Costin 2016 =6,522.010813*1290=8,413,393.948 1D

=6,522.010813%
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Purchased cost of the major equipment items:

1-Absorption Column

Material factor =1

Pressure factor =2.2

Costfrom fig. (6 -2) = 3,700£

Costof vessel = 3,700*1*2.2 = 8,140£
Costof plate from fig.(6 - 4) =135£
Material factor for plate =1.7

Costof plate =6*135*1.7 =1,380£

Total cost=8,140+1,380=9,520£ =13784.92% in 2004

% cost index in2016

Costin 2016 =Costin 2004

cost index in2004

Costindex in 2004 =480

Costindex in 2016 =1,081

41,081
480

Costin 2016 =13,784.92

Costin 2016 =31,044.78858%
Costin 2016 = 31,044.78858*1,290=40,047,777.27 1D

2- Stripper Column

Material factor =3.7

Pressure factor =1



Costfrom fig. (6 -2)=4,800£

Column cost=4,800*1*3.7=17,760£
Costof plate from fig.(6 - 4) =150£
Material factor for plate =1.7

Total Costof plate = 6*150*1.7=1,530£

Total cost=17,760 + 1,530 = 19,290£ = 27,931.84% in 2004

Costin 2016 = Costin 2004*525t ndex tn 2016

cost index in2004

Costindex in 2004 =480

Costindex in 2016 =1,081

Costin 2016 =27,931.84

41,081
480
Costin 2016 =62,904.83133%

Costin 2016 =62,904.83133*1,290=81,147,232.42 1D

3-Boiler

Fixed tube sheet , area 20 m2, carbon steel shell and stainless steel tube,

operation pressure =1 atm
Type factor = 0.8

Pressure factor =1

Costfrom fig. (6 -1) = 5,800£

Purchased cost=5,800*1*0.8=4,640£= 6,718.70% in 2004

Costin 2016 = Costin 2004*<%t thdex 2016

cost index in2004



Costindex in 2004 =480

Costindex in 2016 =1,081

41,081
480

Costin 2016 =6,718.70 =15,131.07229%

Costin 2016 =15,131.07229*1,290=19,519,083.26 ID
4-Cooler

Fixed tube sheet , area 10 m?, carbonsteel shell and tube, operation

pressure=1 bar

Type factor=0.8

Pressure factor=1

Costfrom fig. (6 -1) =2,100£

Purchased cost=2,100*1*0.8=1,670£=2,418.15%

xcost index in2016

Costin 2016 = Costin 2004

cost index in2004

Costindex in 2004 =480

Costindex in 2016 =1,081

1081

Costin 2016 =2,418.15 *E

Costin 2016 =5,445.875313%

Costin 2016 =5,445.875313*1290=7,025,179.153 1D
For two cooler

Total cost=2*7025179.153 = 14,050,358.31 ID

5-Condenser




Fixed tube sheet , area 25 m?, carbonsteel shell and tube, operation
pressure =1 bar

Type factor =0.8
Pressure factor =1
Costfrom fig. (6 -1) =2,900£

Purchased cost=2,900*1*0.8=2,320£=3,359.35%

Costin 2016 = Costin 2004x<st index tn 2016

cost index in 2004

Costindex in 2004=480

Costindex in 2016 =1,081

1081

Cost in 2016 = 3,359.35 *E=7565.536146$

Costin 2016=7,565.536146 *1,290 = 9,759,541.628 ID
For two condenser
Total cost=2*9,759,541.628 =19,519,083.261D

6-Heat Exchanger

Fixed head , area 115 m?, carbon steel shell cupro-nickel tube, operation
pressure=1 bar

Type factor =1
Pressure factor =1
Costfrom fig. (6 -1) =12,000£
Costof exchanger = 12,000*1*1=12,000£

Costof exchanger =17,375.95%



xcost index in2016

Costin 2016 =(Costin 2004)

cost index in2004

Costindex in 2004 =480

Costindex in 2016 =1,081

1,081

Costin 2016 =17,375. 95* =39,132.0874%

Costin 2016 =39,132.0874*1,290=50,480,392.74 1D
For two exchanger

Total cost=2 * 50,480,392.74 =100,960,785.5 ID
/-Heater

Fixed tube sheet , area 80 m2, carbonsteel shell and brass tube, operation

pressure =1 bar

Type factor =0.8

Pressure factor =1
Costfrom fig. (6 -1) =9,000£

Purchased cost = 9,000*1*0.8=7,200£=10,425.57%

xCost index in2016

Costin 2016 = Costin 2004

cost index in2004

Costindex in 2004 =480

Costindex in 2016 =1,081

1,081

Costin 2016 =10,425.57 * —23 479.25244%

Costin 2016 =23,479.25244*1,290=30,288,235.64 1D



8-Vertical pressure vessel

Material factor =1

Pressure factor =1

Costfrom fig. (6 -2) =2,000£

Purchased cost=2,000*1*1=2,000£ in 2004

Purchased cost = 2,895.99%

Costin 2016 = (Costin 2004) x5t ndes in 2016

cost index in2004

Costindex in 2004 =480

Costindex in 2016 =1,081

81

Costin 2016 =2,895.99*1:;0 =6,522.010813%

Costin 2016 =6522.010813*1290=8,413,393.948 1D

9-Horizontal pressure vessel

Pressure factor =1

Costfrom fig. (6 -3) =1,700£
Purchased cost = 1,700*1*1=1,700£
For two vessel

Total cost=2*1,700=3,400£ =4,923.19%

xCost index in 2016

Costin 2016 = Costin 2004

cost index in 2004

Costindex in 2004=480

Costindex in 2016=1,081



1,081

Costin 2016 = 4923'19*E:11’087'43415$

Costin 2016 =11,087.43415*1,290= 14,302,790.05 1D

10-Centrifugal pump

Ce=Cs"

Ce = Purchased equipment cost ,£

C = Costconstant

C =400 © =579.20%

S = Characteristic size parameter in the unit , KW
S= 2KW

n=0.5 ®

Ce =579.20*2°°=819.1125%

Ce =819.1125*1,290=1,056,655.125 ID
11-Filter

S=5m?

n=0.6"®

C=1,000£ ©® = 1,448%

Ce = 1,448 *5°°=3,803.2$

Ce =3,803.2*1290=4,906,128 ID

Total purchased cost of major equipment items (PCE)

Absorption Column 40,047,777.27 1D



Stripper Column

Boiler

Cooler

Condenser

Heat Exchanger

Heater

Vertical pressure vessel
Horizontal pressure vessel
Centrifugal pump

Filter

81,147,232.42 1D
19,519,083.26 ID
14,050,358.31 ID
19,519,083.261D
100,960,785.5 ID
30,288,235.64 1D
8,413,393.948 ID
14,302,790.05 ID
1,056,655.125 ID

4,906,128 1D

Total

Estimation of Fixed capital costis:

fi1 Equipment erection

f2 Piping
f3 Instrumentation
fa  Electrical

fs  Buildings, process
*fe  Utilities

*f7 Storages

334,211,522.81D

0.4
0.7
0.2
0.1
non required
0.5

0.15



«fg  Site development 0.05

*fo  Ancillary buildings 0.15
F1o Design and Engineering 0.3
fu Contractor’s fee 0.05
f12 Contingency 0.1

Total physical plant cost=PPC

PPC=PCE (1+ f1+ fo+...+ fo)®

PPC=334,211,522.8*(1+2.25)

PPC=1,086,187,449 ID

Fixed capital cost= PPC (1+f1o+ f11+f12)®
=1,086,187,449*(1+0.45)
=1,574,971,801 ID

Working capital , allow 5 percent of Fixed
capital=0.05*1,574,971,801=78,748,590.06 1D

Total investment required for project = 1,574,971,801+78,748,590.06
=1,653,720,391 ID

Ay glad) Adaial) 4l clilbaa Y - 1
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1-Raw material

TEG loss is 0.04 gal/MMSCF of N.G ¢



Volumetric flow rate of N.G is=222271X9/M 5o hr/day = 93,685m?/day
51.8172 Kg/hr

3,305,914 ft3/day
Operating time = 365*19750: 345day / year=8,280 hr/year
TEG price 2,000 £/ton=2£/kg ‘Y = 2.9%/ kg = 2500 1D / kg
TEG loss=0.04*10°gal TEG/ft N.G *3,305,914 ft* N.G/day
*4.5 kg TEG/gal TEG =0.595 kg TEG/day
Raw material solvent make-up =0.595 * 345 * 2500 =513,187.5 ID

2-Miscellaneous material , 10 percent of maintance cost
=0.1*78,748,590.06 = 7,874,859.006 ID

3-Utilites , Costs is:

Steam , at 6.2*10 £/kg = 8.99*10 * $/ kg=0.899 1D/ kg

= 8,286 kg / hr * 8,280 hr / year * 0.899 ID / kg= 61.6787 ID
Cooling water at 2.8*10%£ / kwh=0.0406%/ kwh=40.61D/ kwh
=100*345*40.6=1,400,700 1D

Total utilities cost=1,400,761.6791D

4-Shipping and packaqging ,1% of capital cost
=0.01*1574971801=15749718.01I1D

Total variable cost=513,187.5 + 61.6787 + 1,400,761.679
+15,749,718.011D =17,663,728.87 1D
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1-Maintenance , take as 5 percent of Fixed
capital=0.05*1,574,971,801=78,748,590.05 1D

2-Operating labour , allow three man per shift , 12men needed ,say
6,000£ per day=8,700% per day =8,700,000 ID per day
=8,700,000*12=104,400,000 ID

3-Plant overheads ,take as 50% of operating labour
=0.5*104,400,000=52,200,000 ID

4-Capital charges 15 percent of Fixed capital
=0.15*1,574,971,801=236,245,770.2 1D

5-Insurance ,1% of Fixed capital=0.01*1,574,971,801=15,749,718.01 ID
6-Royalities ,2% Fixed capital=0.02*1,574,971,801=31,499,436.02 ID
7-Supervision ,30% of operating labour=0.3*8,700,000=2,610,000 ID
Total Fixed operating cost=521,453,514.3 ID

®) ddla) ik v_ ¥ _

1-Sale expense ,3% of Fixed capital= 0.03*1,574,971,801
=47,249,154.03 ID

2- General overheads ,1% of Fixed capital=0.01*1,574,971,801
=15,749,718.01 ID

3-Research and development ,2% Fixed capital = 0.02 *
1,574,971,801 = 31,499,436.02 ID

Total additional cost=94,498,308.06 ID
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Annual operating cost = Fixed operating cost+ variable operating
cost + additional cost

= 94,498,308.06 + 521,453,514.3 17,663,728.87

=633,615,551.2 ID

=532,237.063 $
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Purchased cost = cost from fig . * Type factor * press . factor
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Purchased cost= costfrom fig .* Material factor * press. factor
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Installed Cost = Cost from figure * Materials factor
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