CHAPTER

MAJOR

EQUIPMENT

DISTILLATION COLUMN:

79.5°C

< >
N D _: 312.416 k-moles
¢ Xp = 0.99

F=347.604 k. moles

Enriching
section

Xe = 0.891
T-=82°C

Stripping
section

Glossary of notations used

F = molar flow rate of feed, kmol/hr

D = molar flow rate of distillate, kmol/hr
W = molar flow rate of residue, kmol/hr.
xr = mole fraction of MEK in liquid

xp = mole fraction of MEKin distillate
xw = mole fraction of MEKin resdue

107°C

Total Reboiler
W= 35.188
X,= 0.012



Rm = minimum reflux ratio
R = actual reflux ratio
L = molar flow rate of liquid in the enriching section, kmol/hr
G = molar flow rate of vapor in the enriching section, kmol/hr
L = molar flow rate of liquid in stripping section, kmol/hr
G = molar flow rate of vapor in stripping section, kmol/hr

M = average molecular weight of feed, kg/kmol
g = Thermal condition of feed

Feed = Saturated liquid at boiling point .

M = 72.218

Xp
Rnt+1 =0.66
Rntl= Xp 0.99
= = 15
0.66 0.66

Rn=15-100=0.5

R=15R,=0.75
Xp 0.99

= — =0.566
R+1 0.75+1

Number of trays from graph =14
L = RD = 0.75x312.416 = 234.312 K-moles
G=L+D = 234.312 + 312416 = 546.728K-moles
g=1 (Feed is saturated liquid)
L = L+qf = 234.312 + 1(347.604) = 581.916 K-moles

G = G+(q-1) F = 546.728 +0 = 546.728 K-moles



(A) ENRICHING SECTION:

PLATE HYDRAULICS:

(1) Tray spacing (tg) =500 mm
(2) Hole diameter (dn) =5mm

(3) Pitch (I) =3dh = 3x 5 =15mm

lar

A pitch

(4) Tray thickness (t1) =0.6 dy - 3mm

B) A = Areaof hole =0.10
Ap Area of pitch

(6) Plate diameter (D) :

(L/IG)(pg/pL)*° = 0.0246 (maximum at top)
.". Flooding check at top

(Ref :1, p: 18-7, fig :18-10)

Caflood = 0.3 ft/s

Canflood = Capacity parameter (ft/s)
Uy = Gas velocity through net area at flood (ft/s or nvs)



Properties

Enriching section

Stripping section

Top Bottom Top Bottom
Liquid (k- 234.312 234.312 581.916 581.916
molesg/hr)

Liquid (kg/hr) 16875.15 16917.33 | 42046.34 43047.82
Vapor (k- 546.728 546.728 546.728 546.728
moles/hr)

Vapor (kg/hr) 39375.35 39419.09 39446.43 40444.75

X 0.99 0.9 0.8725 0.012
y 0.99 0.95 0.925 0.012
T tiquia ° C) 79.5 81.5 82.0 107.0
T vapor(° C) 80.5 82.5 83.5 107.5
Puapor(KQ/M°) 2.482 2.471 2.466 2.500
Pliquid (Kg/m?) 750.02 750.00 750.00 739.88
0.5
(LIC)(pd/p1) 0.0246 0.0246 0.061 0.0619
G Iiq (dyn/cm) 18.00 18.00 17.28 17.28
L vapor 00048 0.0048 0.0048 0.0048
Wiig 0.27 0.27001 0.449 0.449001
0.0599 0.0.0059 0.148 0.149
Dvapor (mZ/S)
1.688x10° 1.688x10° | 1.952x10° 1.952x10°°
Diiquid (M?/S)




Average conditions and Properties

Enriching section Stripping section
Liquid (k-moles/hr) 234.312 581.916
(kg/hr) 16896.24 42547.08
Vapor ( k-moles/hr) 546.728 546.728
(kg/hr) 39397.22 39945.59
_ 80.5 94.5
Tiq (°c)
— ° 81.5 95.5
Tvapor (°C)
— 750.01 744.94
Piig (kg/ m°)
— 2.4765 2.483
Puepor (KG/M°)

Ca, flood = Un 2 0
pL Pg ( Ref; 1, pg: 18-7)

o = liquid surface tension
pg = gas dengity
pL = liquid density

0.5
~Uy=0.3 750.01 — 2.4765 =5.105 ft/s= 1.556m/s
2.4765

Consider , 80% flooding
Un= Gas veI00|ty

Volumetric flow rate of vapor = 39397.22  =4.419m’/s
3600 x 2.4765




Net Area (A,) = Volumetric flow rate of vapor = 4.419= 3.549n7

Let L,-075
Dc

L. = Weir Length
D. = Column Diameter

Areaof column (A;) = D¢ = 0.785 D2
4

Sin(0/2) = (Lw/2)/(D/2) = 0.75

0c=97.2°

Areaof downcomer (Ag)=| n D& 6¢c - Lw Dc  Cos(6c)
4 360 2 2 2

=0.0879 D2
An=Ac—Aq
0.785Dc?—0.0879 Dc? = 3.549

D¢, = 2.26m.
c=2.3m

Lw=0.75D, = 1.725m.
w=17m

~.Aq=0.0879(2.3)* = 0.465 m?
A= m(2.3)?= 4.155n?
4
An = Ac Ag=4.155-0.465 =3.69 7’

Active area (A,) = Ac — 2A4 = 4.155 — 2(0.465) = 3.225 n?

L, =17 =074
D. 23
~0c =955

o =845



Ly =0.74(2.3) = 1.7m
(7) Perforated Area (Ap):
Ag = 2{60mm} x L,, =2 x 65 x10° x1.7 = 0.221 n?

Ag=0221  =00532
A 4155

A =5.32% A,

o =m-0.=180—-955=845

A,z iSthe waste zones area.

Avz=2 |n Dc2 o -n(Dc— 0-05)2 a
4 360 4 36

=0.084 n?

Ay, =0.084 =0.0202
Ac 4.155

Awz =2.02% A

A, = Areaof perforation.
Ap= Ac—2A4—Az—Aw;

= 4.155 — 0.221 — 2 (0.465) — 0.084

=2.92n"?
(8) Hole Area (Ay):

A = Area of holes.
Ap=0.1A,=0.292nv

N, = number of holes=n, = 4x0.292 = 14872
(5 x 107)?

(9) h, =50mm

h, = weir height



(10) Weeping check: (Sieve Tray)

(@) (Ref:1, p:18-9, eq:18-6)

ha = K1+ K 2(pg/pL )Ur’
K, =0 (for sieve tray)
Uy, = Linear gas velocity through holes.
hy = pressure drop across dry hole (mm liquid)
K>=50.8 (Ref :1, pg :18-9).

CV2
C, = Discharge co-efficient. (Ref :1, fig: 18-14, pg :18-9)

For Ap =0.0905

Aa
II =0.6
dn
C, =0.75.
~K,=50.8 =90.31
0.75
(Un)iop = 39375.35 =15.126 n/s (minimum)
2.482 x 0.292 x 3600
(Na) top =90.31 |_2.4765| (15.126)% =68.23 mm of clear liquid .
750.01
he = 409 {o J ( Ref: 1, pg:18-7, eq:18-2 (a)
pLOh

hs = head loss due to the bubble formation

h, =409 | _18 =1.963 mm of clear liquid
750.01x5



%
how= Fy 664| ¢
Lw (Ref: 1, pg: 18-10, eq:18-12 (a)).

how = height of crest over weir

F.v = weir constriction correction factor.

q=L;
PL

q = liquid flow per serration (m°/s)

= 16896.24 = 6.258x10° m’/s
750.01 x 3600
gt = 99197 =135 (Ref:1, pg:18-11, fig:18-16)
(LW)2.5 (5577)25
L, =074
Dc
Fw=1.01

- 1.01 (664% 258 x10 } - 15.99 mm of clear liquid

hg+ hs = 68.23+1.963 = 70.193mm

hy+ how= 50+15.99 = 65.99mm
For A, =0.09
Aa

hy + how = 65.99mm
(Ref :1, pg:18-7, fig:18-11)
hg+ hs =18mm< 70.193 mm

.. Thereis no weeping



(11) FHooding check:

Since the maximum flow rate is at the bottom, flooding checked at the bottom.
has = hw+ how + g (For sieve trays)

hng = liquid gradieznt across plate (mm liquid)

(Now )bottom =16 Mm

hgs = Calculated height of clear liquid over the dispersers.

hgs = 50+16+0._225_ = 66.125 mm

U, = linear gas velocity through active area.

Uy = 39397.22 =1.37m/s
3600 x 2.4765 x 3.225

pg = 2.4765 kg/m®
Fea = Ua (pg)” =1.768(FPS)
( Ref:1, pg:18-10, fig:18-15)
Aeration factor (13) =0.59
Relative froth density ( ¢;) =0.22
h' = pressure drop through aerated liquid
hs = actual height of froth.
h' = B hgs= 0.59 (66.125) = 39.1mm

hh=h' =39.1 =1855mm

o 0.22
2
hea=165.2 | g ( Ref:1, Pg: 18-10, eq:18-14)
Ada

hga = head loss under the down —comer

Aga = minimum area of flow under the down comes apron.



hap = hgs - €= 66.125-25.4 = 40.725mm

Ada = Ly X hyy = 1.7 x 40.725x10°® = 0.069 nv’

he =165.2 | 6.266 x10° i = 1.36mm
0.069
h; = total head loss across the plate
hy= it’s calculated at the bottom(maximum) = 68.68 mm
h = hy+ h' = 68.68+39.1 =107.78 mm
hge= e + hy + how+ hing + hga (Ref :1, g:18-3, pg:18-7)

=107.78+ 50+ 16+ 0.25 + 1.36
=175.39 mm

Taking (dqc) average = 0.50 ; ¢q4c = relative froth density
he = actual back-up

h'e = 175.39 = 350.78mm <500 mm
0.5

.. FHlooding check is satisfied

I.e. Thereis no flooding.

(12) Column efficiency ( AIChE METHOD ):
(A) Point Efficiency: Eoc

Ng= 0.776+0.00457h,, — 0.238 U, p,°° +105 w (Ref :1, pg:18-15, eq:18-36)
(Ns:,g)O.S

Ng = gas phase transfer unit

Neg=Ug = __ 0.0048 x10° =0.324
pgDy 2.4765 x 0.0059 x10™*




Ngg = gas phase Schmidt number

Uy = 39397.22 =1.37m/s
3600 x 2.4765 x 3.225

Di=Ly+D, =_17+23 =2.0m
2 2
D¢ = width of flow path on plate

W = liquid flow rate (m*/sm)

W= ¢
Ds
q= _16896.24 = 6.26 x10° m’/s
750.01 x 3600
W= 6.26 x10° =3.13x10° m¥m-s
2.0
Ng = 0.776+0.00457(50) — 0.238 (1.37) (2.4765)*° +105 (3.13 x10°)
(0.324)%°
Ng = 1.44
NL=K_a 0L (Refl, Pg: 18-15, eq18'36 (a) )

N_ = liquid phase transfer units

KL a = liquid phase transfer coefficient (nvs)

Q. =Residence time of liquid in froth or spray zone.

KLa =(Dy)* (0.40 U, py % +0.17) (Ref:1, pg:18-16, eg:18-40(a) )
KLa =(3.875 x10°x 1.688 x 10°) " ( 0.40x1.37 (2.4765) ** +0.17)

KLa =0.833 m/s

0= hA; (Ref:1, pg:18-16, eq:18-39)
1000qgp

hy = liquid hold-up on plate

6. = 39.1x3.225 = 20.14s
1000(6.26 x10)




251

N_. =0.833x20.14 =16.78

Mo  =0.3375 Gn =2.3333

Lm
mbottom = 0413
M =Mgy |Gm | =0.7875
Lm
Ab= Mogtom Gm | = 0.9637
Lm
Aag =0.876
A = gtripping factor
1
1+ A
= 1
=134
1 + 0.876
144  16.78

EOG: 1- e (Nog)

(Ref: 1, pg:18-15, eq:18-34)

(Ref:1, pg: 18-15, eq:18-33)

Eoe= 1- e 3 =0.738

(B) Murphee plate efficiency : Eny

.. O = Residence time of liquid = 20.14 s

whichislarge.

Npl=z2
Dgb,



Z,=Dc cos(6¢/2)
=155m
De=6.675x10°Ua"*+0.922x10*h — 0.00562
=0.0084 m’/s

Npe= 1.55%
(0.0084x 20.14)

=14.20

A x Eog =0.876 x 0.738

= 0.646
~ Emnw =126 (from graph)
Eoc
. Emv =0.93

(C) Overadl column efficiency : Eqc

=log {1+Ea(A - 1)}
log(A)

Ea= Murphee vapor efficiency

Ea = 1

[
1+ Ew |V
1y

= fractional entrainment

0.5
For L[ g} = 0.0246

For 80% flood

From (Ref:1, fig:18-22, pg:18-44)

v =0.15

(Ref:1, pg:18-17, eq:18-46)

(Ref:1, pg:18-13, eq:18-37)



Ea= 0.93 x 1 =0.79
1+0.93 x _0.15
1-0.15

Eoc =log 1+0.79(0.876-1) =0.78
log(0.876)

Na = Actud tryas,

Nt= theoretical trays.
Na= Nr = 4 =514 ~6
Eoc 0.78
Height of enriching section = 6 x 0.500 = 3.00 m

(B) STRIPPING SECTION :

PLATE HYDRAULICS:

(1) Tray spacing (tg) = 500 mm
(2) Hole diameter (d,) = 5mm
(3) Pitch (Ip) =15mm

A lar pitch
(4) Tray thickness (t;) =3mm

(5) Ap =0.10
Ap

(6) Plate Diameter (D) :
(LIG)(pg/pL)*® = 0.0619 (maximum of top)
Caiooa =0.28 ft/s
U =1.434m/s

Consider , 80% flooding .



U, =1.1472 /s
Volumetric flow rate of vapor =4.4939 m*/s
Net area (A, ) =3.917 n?

Column diameter (D) =2.4 m
Ly =1.778m

Vaueof L,, taken as1.75 m.
L, =0.73

Dc

Ly =1.75m

0. =93.8°
o = 86.2°

Ac = 4.524 n?
Ag = 0.462 n?
A, = 4.062 m?
A, =3.6n7
Ag =0.192 m? (5.17% of A,
Awz = 0.026 m? (2.00% of Ac)
A, =3.126 7
An =0.3126 n?
n, = 16685
(9) hy =50mm
(10) Weeping check (Top) :
(@ (ha)top = 57.54 mm of clear liquid
(hg)bottom = 93.83 mm of clear liquid
(b) hs = 1.89 mm of clear liquid
(c) how =30.194 mm of clear liquid

hw + how = 80.194 mm
hg + hs =59.43 mm

From graph, hy+ hy; = 18mm < 59.43 mm

.. Thereis no weeping.



(11) Flooding check (Bottom)

how = 30.445 mm
hes =80.57 mm; B =0.60; ¢; = 0.2
h! =48.342 mm

hh =241.71mm
hgp =55.17 mm
Aga = 0.097 n?
Nga = 4.6 Mm

h =107.192 mm
hee =192.687 mm
he =385.374mm <500mm

.. Thereis no flooding
(12) Column Efficiency (AIChE METHOD):
(A) Point Efficiency :Eoc
@ Ng =2.384
(b) 0. =10.88s.
(c) Kia=0.83 n/s
N_=9.03
A =1.215
Nog=1.805
E.c=0.83
(B) Murphee plate efficiency :Eny
Z,=1.64m
De = 7.94x10° /s
0. =10.88s
Npe = 31.31
A xXEog=1.0

Enw =17
Eog

Enw =1411



(C) Overdl column efficiency :

= fractional entrainment

0.5
For L[ g} = 0.0619

vy =0.05
E. =1312
Eowc=1.276
Na=_9
0.83
=11

Height of stripping section = 11 x 0.500 = 5.5 m

Total height of the column = Enriching section + stripping section
=3.00+55

=85m



Summary of the Distillation Column
Enriching section

Tray spacing=500 mm
Column diameter = 2.3m

Weair length = 1.7m

Weir height = 50 mm

Hole diameter = 5 mm

Hole pitch = 15 mm, triangular
Tray thickness = 3mm
Number of holes = 14872
Flooding % = 80

Stripping section

Tray spacing = 500 mm
Column diameter = 2.4m

Weir length=1.75m

Weir height = 50 mm

Hole diameter = 5 mm

Hole pitch = 15 mm, triangular
Tray thickness = 3mm
Number of holes = 16685
Flooding % = 80



DISTILLATION COLUMN

6.2 MECHANICAL DESIGN

Specifications: -

Inside Dia:- 2.4m = 2400mm

Ht of top engaging section = 40cm.

Working pressure = latm = 1.032 kg/cm?
Design pressure = 1.032 x 1.1 = 1.135 kg/cm?
Shell material = Carbon steel ( Sp. gr. =7.7)
Permissible tensile abs tress = 950 kg/cm?
Insulation material = asbestos

Density of insulation = 2700 kg/m®

Tray spacing = 500 mm

Insulation thickness = 50 mm

Down comer & plate material = S.S

Sp.grof SS=7.8

SKIRT =2m

Shell thickness:-

ts= PDy +C
2f -p

ts= shell thickness

P=design p'



D, = ID of shell

f = allowable stress

J = joint factor (0.85)

C= corrosion alowance (2 mm)

ts= 1.135 x 2400 + 2
2x0.85x950-1.135

= 3.68 mm.

Taking min shell thickness of 6mm
Shell out side Do = 2400+2x6 = 2412mm
The column is provided with torispherical head on both ends.
For torrispherical head, or radius
=> Ro =Do0 =2412 mm
r, = 6% Ro

=0.06 x 2412

=144.72 mm

=145 mm
Calculation of head thickness

t = 0.885 Prc + C
fxE-0.1P

re = crown radium

E = joint efficienc

f = allowable stress

C = corrosion alowance

ts = 0.855x1.135x2412 +2

950x 0.85—-0.1x1.135
=5.00 mm




Take head thickness to be 8mm approximate blank diameter can be found out as;

Diameter=OD+ OD+2S +2icr
24 3
Si= 800 mm

Diameter = 2412 + 2412 + 2 x 800 + 2 x 145
24 3
=4209.2
=4210mm

Wt of head =ndt x p
4
=1t X (4.210)*x 0.006 x 7700
4
= 643.13Kg.

Calculation of thickness with Hight ;-

Carbon stedl material
IS 2002 — 1962 Grade |

Tensile strength Ry = 37 kgf/cm?

Yield stress = 0.55 Rog
= 20.35 kgf/cm?

foo= p.di
4(ts-c)

=1.135 x 2400
4x(6-2)

= 170.25 kg/em?
fap = tensile stress due to internal pr ( kg/cm?)
Stresses due to dead load (compressive) :-
X w = (w; . of the shell + attachment)
+ (w; . of plate). (w; of liquid hold up)
+ (w¢, of the head)

w1 =Ww; of shell = rdit fs. X



wo=w; of insulation = & ( do? in- do?)Sins. X

Wh = w; of head = 643.13 kgg.

W, =w; of each plate = (An - An) X t2. pr+ hy +( ts— hyp) X tox pp + Wa
W, = W, of liquid = ( Aa* Hi+ Ag* ha)fi

ZW =Wy + Wo+ Wht (Wp+ W) X X
ts

w1 = w;of shell = & (2.4) x 6 x 10°x 7700 (X)
=348.34 X

w,=w; of insulation= 1t (2.512% — 2.412%) x 2700
4

=1044.17 X kg.
wh = w; of head = 643.13 kg.
w, = w; of each plate.
= (4.062- 0.3276) x 0.003 x 7800
+[0.05 + (0.500 — 0.0552)] x 0.003 x 7800
+ Wy
W, = 150 kg.
W, =w; of lig
=[ 3.6 x 48.342 x 10+ 0.462 x 0.192687] x 744.94
=205.2 kg

Sw =348.34 x + 1044.17x+(150 + 205.2) X +643.13
0.500

=2102.51 X +643.13



Stress due to dead level (compressive) at dist X:

de =2W .
7 di (ts—6)

= 210251 X +643.13
T X 2400 x (6 -2) x 10*

= 6.971 X + 2.132 kg/cm?

Stress due to wind load at adist X:-

fux= 1.4 Pw X 2
7t do (ts—C)

This design is being due for awind pressure of 150 kg/m?
=Py = 150 kg/m?

fux = 1.4 x 150X° .
nx241.2x (6-2) x 10™

= 0.693 x* kg/cm?
Resultant longitudinal stressin the up wind
Ftmax = fax + fap — faw
950 x 0.5 = 0.693 X? - (6.971X + 2.132) + 170.25
=> 0.693X*—6.971 X —302.618 =0

X =6.971+ [6.971% + 4 (0.693) (302.618)]
2 x 0.693

=26.52 m

Resultant longitudinal stresses:- at down wind sides:-

= FCaX: 'fwx+fap_fdw

FCrax = 1 (yield stress) = 1 x 20.35
3 3

= 6.783 kg/cm?



- 6.783 = - 0.693x*+ 170.25 — (6.971X + 2.132)

=> 0.693%° + 6.971x — 174.898 = 0

=-6.971+V6.971°+ 4 x (0.693 ) (174.898)
2 x0.693

=-6.971 £+ 23.096
2x0.693

=11.64 m.

Which suggests that the design is safe. Since the design is being made on the basis of
higher diameter, so the design is assumed to before for the entire length of the tower.

Design of skirt support:-

Specifications:-

Top disengaging space=1.25m

Bottom separator space = 2.25 m

Skirt Hgt = 2m.

Total Height of column including skirt height-
H=850+200+125+225m
H=14m

Wi. of shell w; =md; x t X fsx H = 4876.76 kg.

Wt of insulationw, =t ( 2.152°— 2.412%) x 2760 x 14

:414618.38kg

Wh = Wf. Of Head = 643.13 kg.

Wp = Wt. Of plate = 150kg.

SW=W;+W,o+ (Wp+WL)H+Wn
ts

= 4876.76 + 14618.38 + (150 + 205%) x 14 + 643.13
0.5
= 30083.87 kg



Wind L oad:

fup = (K P1 H Do). (H/2)
Y Doz. t
4
= 2K Py H* Do
T D02 t.

K =0.7, P, = 128.5 kg/m?

fow = 2x (0.7) (128.5 x 14? x 2.412) kg/cnm?
Tt X (2.412)* x t x 10*

fow = 4653.289 = 0.46533  kg/cm?
t t

fds: W
ntDmt.

Dm=Di+t=2400+ 6 =2.406 m

fs= 30083.87 =3980.05 =39.8 kg/cm2
T X 2.406 x t t

Seismic load:

C=0.08

fsb= x 0.08 x 30083.87 x 14

Tt X(241.2)%x t

8
3

= 0.492 kg/cn?
t
max possible tensile stress: -

ij:fds_fsb

807.5= 39.8 -0.492
t t

807.5= 39.308
t

t > 0.0486cm. We can havet = 6mm



max permissible compressive stress: -

jt 2 fds"' fsb

807.5= 39.8 + 0.492
t t
807.5 = 40.292
t
t > 40.292
807.5

t>0.0499 cm
choose skirt thickness = 6mm

Skirt bearing plate:

fc=2W+ Ms
A 2
=30083.87x4 + Msh
T (270%- 240%) 2

Msb:

N

CWH.

w

Z=(Dg —Dgs) X
Dop X 32

=p70* - 2408 x &t
32 x 270

fc=30083.87x4 + 2 0.08x30083.87 x 14
3

n(270% 2407 n (270* 240%
32 x 270

= 2.5035 + 0.0309
= 2.5344 kg/en?

Thisis much less than permissible compressive stress of concrete.

M max = fC . D.1%/2

f=6Mp = 3f4% =3x25344x 15° kglem?

btg 152 tg?

=1710.72 kglem?



tg?
f=9.6 MN/m? = 9.5 x 10°> N/ cm?

= 96 kgf/cm?

tg =V 1710.72

96
tg=4.22 cm=42.2mm
Bolting chair has to be used.

Assume Wy, = 2,50,00 kg.

f. - 250,00x4 - 2 x0.08x30083.87 x 1400
n(270°-240°) 3 mx (270%- 2409
32 x 270

3.09-2.08
1.01 kg/cnm?

J =Mwt = WmninR
Ms Ms.

Ms =2 (8.08) x 30083.87 x 1400
3
= 2.246 x 10°
Mwt = Wmin X R

= 2,50,00 x 270
=67.5x 10°

j = 67.5x10°
2.246 x 10°
=3.005

J > 1.5 anchor bots are not required.



MINOR EQUIPMENT

CONDENSER

7.1 PROCESS DESIGN:

() Preliminary Calculations:

(a) Heat Balance:
Vapor flow rate (E) 546.728  K-moleg/hr.
39375.35 kg/hr

10.94 kg/s

Vapor Feed Inlet Temperature =80.5°.

Let Condensation occur under |sothermal conditionsi.e Fr = 1.
Condensate outlet temperature = 80.5 °C

. Average Temperature = 80.5 °C

Latent heat of vaporisation (\)= 4.184 x { 105.93 (0.99)+134.38 (0.01) }

= 444.43 KJkg

gh = ( mass flow rate of condensing vapor ) x ( latent heat of vapor )

gn = heat transfer by the condensing vapor .
On =10.94 x 444.43 = 4862.06 KJ

10% overload is taken
g'nh=1.1x4862.06 = 5348.27 KJ

gc= massflow rate of cold x gpecific x At
fluid heat



gc = heat transfer by the cold fluid.
Assume: g'h=Qc

Inlet temperature of water = 25 °C.
Let the water be untreated water.

. Outlet temperature of water (maximum) = 40 °C
.. At=42-24=18°C
Cp=4.187 KJkgK.

m.= _5348.27x10° = 70.97 kg/s.
4.187x10°x18

(b) LMTD Calculations:

assume : counter current

T Ts

to
t1

LMTD = ( Tl- tz) - ( T2- t]_)

In(T1-t2)
(T2-1ty)
T,=80.5°C; T,=805°C; t,=24°C: t,=42°C

. LMTD =46.93°C



(C) Routing of fluids :
Vapors - Shell side

Liquid - Tube side

(D) Heat Transfer Area:
(i) oh=ac=UA (AT) Lupscorrectes-
U= Overall heat transfer coefficient (W/m?K)
Assume : U =567.83W/n°K
o A ssmea = 5348.27x10°
— = 20069n7
567.83 x 46.93
(ii) Select pipe size:
Outer diameter of pipe (OD) =34” =0.0191 m
Inner diameter of pipe (ID) =0.620" = 0.0157m
Let length of tube =16" = 4.88m

Let alowance = 0.05m

Heat transfer area of each tube (aneat - tranger) = T X OD X (Length — Allowance)
=1 x 0.0191 x (4.88 —0.05)

=0.289 m?

<. Number of tubes (Nuwbed) = A assumed 200.69

a heat-transfer 0.289

=695



(iif) Choose Shell diameter:

Choose TEMA : Por S. % OD tubesin 1" A pitch.

1-2 Horizontal Condenser

~Nupes (Corrected) =716
Shell Diameter (Dg) =787 mm.

<+ Acorrected =206.924n7

. Ucorrected = 550.75 W/m°K

(iv) Fuid velocity check :

(@) Vapor side — need not check
(b) Tubeside

Flow area (awwe) = @ipe X Niubes
Per pass

Ntube passes

a pipe = C.S Of pipe =t (ID?)

4

. awpe = I (0.0157)% x 716 = 0.0697 m*/pass
4 2

Velocity of fluid (Vp) Vo= _ Miie
in plpe Ppipe X Stube

Mpipe = Mass —flow rate of fluid in pipe.
Ppipe = Dengity of fluid in pipe (water)

SV, = 7097 =1.018 s

1000 x 0.0697

.. fluid velocity check is satisfied



(I1) FIm Transfer Coefficient :

Properties are evaluated at 'film :

film=|t, +1 {t, + (t1+ty) } 80.5 + { 80.5 + (24+42)}]
2 = 2
2 2

=68.63°C

a) Shell side:

Reyonld’'sNumber (Re) = 4T =
0

W
(I\Itubes)/3 XL

4
u

= 4 10.94
X = 4226
0.000265 (716)" x 4.88

For Horizontal condenser :
Nu =151 { (0D)° (p)* g} " (Re)

2

u

=1.51 {0.0191%(750)* x 9.81} * (422.6)™ = 164.62

(0.265 x 10 3)?

Nu = h, (OD)
K

h, = outside heat transfer coefficient (W/m?K)
k = Thermal conductivity of liquid.

ho = 164.62 (0.134) = 1154.9 W/n?K
0.0191



b) Tubeside:

G = Mpipe
Sube

Gi= Superficial mass velocity

Gi= 70.97 =1018.2 kg/m’s
0.0697

Re=(ID) G;= 0.0157x 10182 = 20043.3
M 0.8x107°

Pr = uC,= 0.8X10~° x 4.187x10° =579
K 0.578

hi (ID)

K =0.023(Re) °° (Pr) >
h, = inside —heat transfer coefficient

h = 0.023 (20043.3) *® (5.79) %3 x 0.578
0.0157

h = 3951.93 W/m’K

Fouling factor
(Dirt —coefficient ) = 0.003
=5.28 x 10* (W/mPK)™*

1 1 (OD) 1
- = + + wall resistance + Fouling factor
Uo ho (ID) h

U, = overall heat —transfer coefficient

1 1 0.0191 1
P = + X
Uo 1154.9 0.0157 3951.93

+ 4.028x10° + 5.28x10*

Uo =574.63 W/m?K

UO > Uassumed



(111) Pressure Drop Calculations:

a) Tube Side:

Re = 20043.3

f = 0.079 (Re) "= 0.079 (20043.3) ™ =6.64 x 10 3
f = friction factor

Pressure Drop aong

the pipe length APL= (AH).xpxg

= 4fLVP® x p X g

29(1D)
=4 x6.64x10° x 4.88 x 1018.2 °x 9.81
2 x9.81 x 0.0157 x 1000
= 4.266 KPa

Pressure Drop in the
end zones (AP, =25pVp? =25x1000x 1.018°% =1.29591 KPa

2 2
Total pressure drop
in pipe (A P) g =[426+1.296] 2= 11.1KPa < 70KPa

b) Shell sde: Kern's method

.. Baffle spacing (B) = Ds =787 mm
C'=254x 102 —0.0191 = 0.0063

Pr = pitch=2.54x 102 m



asa = shell diameter x Ct x B = 0.787 x 0.0063 x 0.787
Py 2.54x 10 2

=0.155 m?

De=4{P;x0.86Pr -1 & (OD)* =4{ (254x107%? x0.86- & (0.0191)%}
2

2 2 4 8
(x do) 7 (0.0191)
2 2
=18.29mm.
Gs= Superficial velocity inshell = mgg = 10.94 = 70.58 kg/m?Ps
Sl 0.155
(Nre)s = Gs D, = 70.58x 18.29 x 10 —° = 151955

M 8.5x 10°

f = 1.87 (151955) ¢ = 0.172

. Shell side pressure

drop — -
(AP)s=|4f (Np+ 1)D,GS* g] | x 05
2 g De p vapor
Np= 0
APs | 4(0.172) (1) (0.787) (70.58)* 9.81 x 0.5
2 x 9.81 (18.29 x 10°) x 2.482

=14.84 KPa (It very near to permissible pressure drop) .



7.2MECHANICAL DESIGN:

(a) Shell Side:

Material carbon steel (Corrosion alowance = 3mm)
Number of shells=1
Number of passes =2

Working pressure = 1 atm = 0.101 N/mm?
Design pressure = 1.1 x 0.101 = 0.11 N/mm??
Temperature of theinlet = 80.5 °C
Temperature of the outlet =80.5 °C

Permissible Strength for
Carbon steel = 95 N/mn?

b) Tubesde:

Number of tubes =716

Outside diameter =0.0191m

Inside diameter = 0.0157m

Length = 4.88m

Pitch, A '"=254x10°m

Feed =Water.

Working Pressure =1 atm = 0.101 N/ mm?
Design Pressure =0.11 N/mm?

Inlet temperature =24 °C.

Outlet temperature = 42 °C

Shell Side:
ts= PD;
2fFP

ts = Shell thickness

P = design pressure =0.11 N/ mn?

Di = Inner diameter of shell = 0.787 m =787 mm
f = Allowable stress value = 95 N/mm?

J= Joint factor = 0.85

ts=  0.11x0.787 = 0.54 mm
2 x 95 (0.85) —0.11

Minimum thickness = 6 + 3 = 9 mm (Including corrosion allowance)
s ts =10 mm



Head : (Torrispherical head)

th= PRcW
2fJ

th = thickness of head

W=%{3+V R./R¢ }

R. = Crown radius = outer diameter of shell =787mm
R« = knuckleradius=0.06 Rc

S W=%{3+V R,/006R.} =177

S th=0211x787x1.77 =0.95mm
2x 95x 0.85

Minimum shell thickness should be = 10 mm

-ty = 10mm

Since for the shell, there are no baffles, tie-nods & spacers are not required.

Flanges :

Loose type except lap-joint flange.
Design pressure (p) =0.11 N/mm?2
Flange materia : 1S:2004 —1962 class 2
Bolting steel : 5% Cr Mo stedl.

Gasket material = Asbestos composition
Shell side diameter =787mm

Shell side thickness =10mm

Outside diameter of shell =787 + 10x 2 = 807mm

Determination of gasket width :

do= | y-pm Yo
d y-p(m+1)

y=Yield stress



m= gasket factor

Gasket material chosen is asbestos with a suitable binder for the operating conditions.
Thickness = 10mm

m= 2.75

y=2.60x9.81 =255 N/mn?

do = 25.5-0.11 (2.75) % = 1.0004
d; 25.5—0.11 (2.75 +1)

d = inside diameter of gasket = outside diameter of shell
=807+ 5mm
=812 mm
do, = outside diameter of the gasket
=1.004 (812)
=816 mm
Minimum gasket width = 816— 812 =2 mm
2
But minimum gasket width = 6mm
. G=812+2x6=824mm

G = diameter at the location of gasket load reaction.

Calculation of minimum bolting area:

Minimum bolting area (Am) = Ag= Wy

S, = Tensile strength of bolt material (MN/m)
Consider , 5% Cr-Mo steedl, as design material for bolt
At 80.5°C.

S=138x10° N/m?

An=0.6037x 10® =4.375x103n?
138x 10°



Calculation for optimum bolt size :
0= Qo =141 g,
0.707

g = thickness of the hub at the back of the flange
0o = thickness of the hub at the small end = 10+ 2.5 =12.5mm

Selecting bolt size M18x2

R = Radial distance from bolt circle to the connection of hub & back of flange
R=0.027

C=Bolt circle diameter = 1D +2 (1.415 g, + R)

C=0.787 +2 (1.41 (0.0125)+0.027)=0.876 m

Estimation of bolt loads :

Load due to design pressure (H) = 1 G* P

H :% (824)* (0.11) = 0.0586 xfo6 N

Load to keep the joint tight under operating conditions.
Hpo=mg(2b) mp

b= Gasket width = 6mm = 0.006m

Hp =7 (0.824) (2x 0.006) x 2.75x 0.11 x 10° © 9.39 x 10° N

Total operating load (Wo) = H+H,
=0.06799 x 10°N

Load to seat gasket under bolt —up condition =W,
Wg.=mgby
=1 x 0.824 x 0.006 x 25.5 x 10°

Wy = 0.396 x 10° N



. Wy is the controlling load
. Controlling load = 0.396 x 10° N

Actual flange outside diameter (A) = C+ bolt diameter + 0.02
=0.876 +0.018+ 0.02
=0.914m

_Check for gasket width :

Ay = minimum bolt area= 44 x 1.54 x 10* m?

A,S;= (44x1.54x10* )138  =30.1 N/mn¥
n GN 7 x 0.824 x 0.012

2y=2x255=51 N/mm?

A, < 2%
1t GN

I.e., bolting condition is satisfied.

Flange Moment calculations :
(@) For operating conditions::
Wo= Wi +W, +Ws

W;-n B? P = Hydrostatic end force on areainside of flange.
4

W2 = H-W1
W3: gaSket load = WQ -H= Hp
B= outside shell diameter = 807 mm

W; =1 (0.807)?> x0.11x10° =0.056x 10° N
4



W, = H- W; =(0.0586 — 0.056) x 10° =0.0026 x 10° N
W5 =9.39x 10° N

W, =( 0.056+ 0.0026 + .00939 ) x 10°

0.06799x 10° N
M, = Total flange moment =W, + W, & + W3 &

ya=CB, ,ax=atag; =C-G
2 2 2

C=0.876 ; B=0.807 ; G=0.824

a =0.876-0.807 =0.0345

2
aa=C-G= 0.876-0.824 =0.026
2 2
& =at a =0.0345+0.026 = 0.0303
2 2

M, =[ 0.056 ( 0.0345) + 0.0026 ( 0.0303) +0.00939 (0.026) ] x 10°

=2.255x 10% J

(b) For bolting up condition:

Mg = Total bolting Moment =W &g
W=(AntAy) .
2

A =2.869 x 107
Ap=44x 1.54x 10* =67.76 x 10™
Sy =138x 10°

W= (2.869 x 103+ 67.76 x 10* ) x 138 x 10° = 0.666 x 10°
2

Mg = 0.666x 10° x 0.026 = 0.017 x 10° J

. Mg is the moment under operating conditions



M= Mg = 0.017 x 10° J
Calculation of the flange thickness:

t? = MCrY
BSo

Ce= Bolt pitch correction factor =V Bs / (2d + 1)

Bs = Bolt spacing = C =r(0.876) = 0.0625 m
n a4

n= number of bolts = 44

Let CF: 1
o= Nominal design stresses for the flange material at design temperature.
Sro =100x 10° N

M = 0.017 x 10° J

B = 0.807 m.
K = A = Hange diameter =0914=1.13
B Inner Shell diameter 0.807
Y =15
t=+0.017x10°x1x 15 = 0.06 m
0.807 x 100 x 10°

d=18 x 2 =36mm

Cr-\ 0.063 =0.69
2(36 x 10°®) + 0.06

Cr= (0.83)?
t=0.0622x 0.83 =0.05m

t = 50mm = 0.05m



Tube sheet thickness:  (Cylindrical Shell) .
T1s= GV KP/ T

G.= mean gasket diameter for cover.

P = design pressure.

K = factor = 0.25 (when cover is bolted with full faced gasket)
F = permissible stress at design temperature.

t1s= 0.824V (0.25x 0.11 x 10°) / (95 x 10°) =0.014 m
Channel and channel Cover

th=GeV (KP/f) ( K = 0.3 for ring type gasket)
=0.824 V(0.3 x 0.11/ 95)
=0.015m =15mm
Consider corrosion allowance = 4 mm.
t,=0.004 + 0.015 = 0.019 m.

Saddle support:

Material: Low carbon steel

Total length of shell: 4.88 m

Diameter of shell: 0.807 mm

Knuckle radius = 0.06 x 0.807 = 0.0484 m=r,

Total depth of head (H)= V(Dolo/2)
=+/(0.807 x 0.0484 /2)
=0.1398 m

Weight of the shell and its contents = 3750.43 kg = W

R=D/2=403.5 mm

Distance of saddle center line from shell end = A =0.5R=0.2 m.



Longitudinal Bending Moment

M; = QA[1-(1-A/L+(R?*H?)/(2AL))/(1+4H/(3L))]
Q = W/2(L+4H/3)

= 3750.43 (4.88 + 4 x 0.1398/3)/2

=9500.6 kgm

M;=9500.6x0.2 { 1- (1-0.2/4.88+(0.4035%0.1398%)/(2x4.88x0.202)) }

(1+4x0.1398/(3x4.88))
=12.79 kg-m

Bending moment at center of the span
M, = QL/4[(1+2(R*-H?)/L)/(1+4H/(3L))-4A/L]
M, = 9380.4 kg-m

Stresses in shell at the saddle
(a) At the topmost fibre of the cross section
f1 =M/(kit R t) ki=k,=1
=12.79/(3.14 x 0.4035° x 0.01)
= 2500.54 kg/m?
The stresses are well within the permissible values.
Stressin the shell at mid point
f, =M/ (kom R? t)
= 180.8 kg/cm?
Axia stressin the shell due to internal pressure
fo= PD/4t
=0.11 x 10°x 0.787 /( 4 x 0.01)
= 216.4 kg/cm?
fo+ f, = 397.23 kg/en?
The sum f; and f;, is well within the permissible values.



