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Bubble and Droplet Mechanism
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Bubble and Droplet Mechanism O

4Dp g (pp — pr)

3 Cq py

1. Droplet settling theory

* Trial and error solution
* Graphical solution
* Correlations

2. Souders-Brown approach

3Ca " [(pr —py)

f(mist extractor, separator geometry, flow rates, fluid properties)
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Separator sizing O

] 1. Vapor Capacity — > Cross-sectional area
-;-:;.;Ij*ﬁaiﬂul
2. Liquid Capacity —— > Residence time to “de-gas”
A 3. Operability =~ — Ability to deal with
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Vertical separator sizing O

Gas Outlet
4
3T
.’//‘
i
1. Vapor Capacity
Qg = Vi, (Actual Conditions) b Dv > <
P\ /T, N1 ., 2
S.C — —|(=Z£)Z  (s.c. = standard conditions M| ?
Qg Qg <PSC>( T )Z ( ) |h|el* H |
15C
1 atm (1.01325 bara)
Calculate Vt Liquid Outlet
B !
\ 4 ‘\\ /,‘
Calculate A, -
\ 4 D‘
rain
Calculate D, *Minimum value

(Stewart and Arnold, 2008)
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Design criteria

For the gravity settling section ——— Droplet size = 140 — 150um

Vent scrubbers ————> Droplet size = 300 — 500um
Retention time in most application — 30sand 3 min —>

Horizontal Liquid volume——>

L/D relation
Vertical Separator are normally L/D=2to 4

Horizontal Separator are normally L/D=2.5t0 5

Retention Time for Two-Phase Separators

°API Gravity Retention Time (Minutes)
35+ 05t 1

30 2

25 3

20+ 44+

1. If foam exists, increase above retention times by a factor of 2 to 4.
2. If high CO, exists, use a minimum of 5-minute retention time.
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Vertical Separator sizing

EXERCISE
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Vertical separator sizing O ‘

Exercise

Qg = 11803 scm/hr

YN
Q, = 13.25 m3/hr *
py = 59.6 kg/m? o d
po = 825 kg/m3 L
Uy = 0.013 cp
d,, = 140um M
z = 0.84
P = 6900 kPa
T =15.6C
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Vapor Capacity

Liquid Capacity

_

Calculate V;

\ 4

Calculate A4,

A 4

Calculate D,

—_

i

Operability
Requirements

v

For atand Dv
calculate h

Adjust Lsem

Adjust Retention time

A 4

Calculate Lgom

\ 4

Calculate Lgep, /D,

A
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Vertical separator sizing O ‘

Exercise

Option 1 Trial and error solution

Qg = 11803 scm/hr - o
Q, = 13.25m3/hr i A \R/f t|> ?
pg = 59.6 kg/m> . d

po = 825 kg/m3 L

pg =0.013 cp

dpy = 140um v

z =0.84

P =6900 kPa

T=156C
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Bubble and Droplet Mechanism O

1.Droplet settling theory

Assuming C; = 0.34

Trial and error solution

A 4

v — 4D g (pr—py) J pe = DPVers
t 3Cq pr Hr
24
Gy = = Re < 2  Stokes drag coefficient

24
Cq=—+ (1+0.15Re®587) 2 < Re < 103

Re
C,; =0.44
C; =0.1

103 < Re < 10°

105 < Re < 10°
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Bubble and Droplet Mechanism O

Solver Parameters

1.Droplet settling theory  miar  soueer =
To: (@) Max ) Min () Value OF: o
Ey Changing Variable Cells:
* 4Dpg .
Assumlng Cd = 034 g Vt = —3( Subject to the Constraints:
Cd=Cd* Add
Change
Delete
Beset All
Load/Save
Make Unconstrained Variables Mon-Negative
Select a Solving GRG Monlinear v Options

Methaod:

Solving Method

Select the GRG Nonlinear engine for Salver Problems that are smooth nonlinear. Select the LP
Simplex engine for linear Solver Problems, and select the Evolutionary engine for Solver
problems that are non-smooth.
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Vertical separator sizing

Qg = 11803 scm/hr
Q, = 13.25m3/hr
pg = 59.6 kg/m>

po = 825 kg/m3

Uy = 0.013 cp

d,, = 140um

z =0.84

P =6900 kPa
T=156C

Option 1

Option 2

KCR == Dp!

Exercise

Trial and error solution

Cd=1.13
Re=92.5
Vt=0.144 m/s

Gravity Settling Laws

0.33

91 (P = pf)] _ 048
U
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Bubble and Droplet Mechanism O

1.2 Droplet settling theory cravity settiing Laws

c _24
27 Re

C, = 0.44

Stoke’s Law
Kcr(Re = 2) = 0.033

Intermediate Law
KCR(Re - 500) - 0.4’35

Newton’s Law
KCR(Re = 295) = 2364

2 0.33
D. =K
PR [gpf(pp - pf)]

Re <2

2 < Re < 500 1A

500 < Re < 2%10°

p..kg/m3
U..mPas

D..m

_ 1000gD3(pp — pr)

t 18u

_ 2.949°7' Dy (pp — py)

074"

p})-ZQHOAS

Kcg ...proportional constant

D —
V,,:1.74\/ » 9 (Pr = ps)

Py

( Bahadori, A. 2014)
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Vertical separator sizing

Qg = 11803 scm/hr
Q, = 13.25m3/hr
pg = 59.6 kg/m>

po = 825 kg/m3

Uy = 0.013 cp

d,, = 140um

z =0.84

P =6900 kPa
T=156C

Option 1

Option 2

KCR == Dp!

_ 2-9490'71D5'14(Pp _ pf)

Exercise

Trial and error solution

Cd=1.13
Re=92.5
Vt=0.144 m/s

Gravity Settling Laws

0.33

91 (P = pf)] _ 048
U

0.71

t

,0]9'29#0'43 = 0.133m/s
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Drag coefficient, C,

Vertical separator sizing O

Exercise
Option 3  Diagram
7,.D3 _
N = 11802 crm /hr P CrRe? = 1.31 % 107D (pp — py)
80 D [lz
60
0 [ p..kg/m3
30 N
” - u..mPas
0 b D..m
8 \\
6 ~
; ~ Sq > CD ~1
: ~H !
: v, = 4DP‘g(p‘”_pf)—0153m/s
=2 t— = U
0.4 s 3Cap f

2 3 4 5678 2 345678 2 345678 2 345678 2 3 45678
10' 10% 10° 5 10* 10° 10°
Cp(Re)
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Vertical separator sizing O ‘

Exercise

Qg = 11803 scm/hr N

7N
Q, = 13.25 m3/hr *
pg = 59.6 kg/m?  d
po = 825 kg/m3 L
Uy =0.013 cp
dm = 140um — Option4  Souders-Brown approach
z = 0.84

Vi = Ksp —(pP _ pf)

P = 6900 kPa ps
T=156C Kgg = 0.040m/s —> V, = 0.145m/s
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Vertical separator sizing O

Exercise

Option 1 Trial and error solution

Qg = 11803 scm/hr - Ve = 0.144m/s
£y

Q, = 13.25 m3/hr 4 Option 2 Gravity Settling Laws

pg = 59.6 kg/m? o d V., =0.133m/s

po = 825 kg/m3 L Option 3 Diagram

pg =0.013 cp V; = 0.153m/s

dm = 140um N—rf ' Option4  Souders-Brown approach

z=10.84 V, = 0.145m/s

P = 6900 kPa

T =15.6C
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Vapor Capacity

Liquid Capacity

_

—_

V; =0.144m/s
QS.C
A, = 7 = 0.28m?
Calculate D,
Operability
Requirements
— v
ForatandDv |
calculate h
\ 4

Calculate Lgom

Calculate Lgep, /D,
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Vapor Capacity

Liquid Capacity

—_

Operability
Requirements

— v

For atand Dv
calculate h

A 4

Calculate Lgom

Calculate Lgep, /D,

A

V; =0.144m/s
Qa.C
A, = [ﬁt = 0.28m?

. f4A
pmin — n—” = 0.598m = 598mm = 23.5in
t
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Vapor Capacity

Liquid Capacity

—_

Operability
Requirements

— v

For atand Dv
calculate h

V; =0.144m/s
Qa.C
A, = [ﬁt = 0.28m?

. 44
pmin — n—” = 0.598m = 598mm = 23.5in
t

with mist Extractor, bulk separation,
two phase flow, regular service

A 4

Calculate Lgom

Calculate Lgep, /D,

A
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V; =0.144 m/s
Qg.c
Vapor Capacity Ay = 7 0.28m?
T aa, _
Do = — = 0.598m = 598mm = 23.5in
« : t
Operability with mist Extractor, bulk separation,
Requirements two phase flow, regular service

D, = (120% to 130%)D™" ~ 30"
t..2to4min - 3min

Q4
D2

h

= 1.45m = 57.19in
Liquid Capacity — ﬁ

Calculate Lgom

Calculate Lgep, /D,
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Vapor Capacity

Liquid Capacity

Operability
Requirements

Calculate Lgep, /D,

V; =0.144m/s
Qa.C
A, = [2 = 0.28m?
pmin — Y = 0.598m = 598mm = 23.5in

with mist Extractor, bulk separation,
two phase flow, regular service

h

Q4
D2

D, = (120% to 130%)DM" ~ 30"
t..2to4min - 3min

= 1.45m = 57.19in
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Gas Outlet

Mist Extractor

o

; g
Gravity £
Settling N
Section b
o

o

+

=

&

—

Shell Length

=
E.
]
L=
g5
]
24" Min.

Liquid
Collection =

Sekn = i Liquid Outlet

Drain
Lsem = 4" 4+ max(h; 36") + mapg(Z * ID; 24)j-ma)§(DV+6; 42" + 6"
h =57.19in = 24in = 42in
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Vapor Capacity

Liquid Capacity

Operability
Requirements

Calculate Lgep, /D,

V; =0.144m/s
Qa.C
A, = [2 = 0.28m?
pmin — Y = 0.598m = 598mm = 23.5in

with mist Extractor, bulk separation,
two phase flow, regular service

h

Q4
D2

D, = (120% to 130%)DM" ~ 30"
t..2to4min - 3min

= 1.45m = 57.19in
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Vapor Capacity

Liquid Capacity

V; =0.144m/s
a.c
A, = %" _ 0.28m?
Ve

. 44
pmin — Y = 0.598m = 598mm = 23.5in

Operability with mist Extractor, bulk separation,
two phase flow, regular service

Requirements

h

D, = (120% to 130%)DM" ~ 30"
t.

..2 to 4min - 3min

tQ, 4 .
= > = 1.45m = 57.19in
n D,
Lsem = 133.19IN
= 3.38m
Lsem

D,
= 4.44 -
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Results @

tr(min) Dv (in) Dv(m) h(m) h(in) Lgas(in) Linlet(in) Lss(in) Lss(m) Lss/Dv
3 24.00 0.61 2.27 89.37 42.00 24 165.37 4.20 6.89
3 30.00 0.76 1.45 57.19 42.00 24 133.19 3.38 4.44
3 36.00 0.91 1.01 39.72 42.00 24 115.72 2.94 3.21
3 42.00 1.07 0.74 36.00 48.00 24 118.00 3.00 2.81
3 48.00 1.22 0.57 36.00 54.00 24 124.00 3.15 2.58
2 24.00 0.61 1.51 59.58 42.00 24 135.58 3.44 5.65
2 30.00 0.76 0.97 38.13 42.00 24 114.13 2.90 3.80
2 36.00 0.91 0.67 36.00 42.00 24 112.00 2.84 3.11
2 42.00 1.07 0.49 36.00 48.00 24 118.00 3.00 2.81
2 48.00 1.22 0.38 36.00 54.00 24 124.00 3.15 2.58
1 24.00 0.61 0.76 36.00 42.00 24 112.00 2.84 4.67
1 30.00 0.76 0.48 36.00 42.00 24 112.00 2.84 3.73
1 36.00 0.91 0.34 36.00 42.00 24 112.00 2.84 3.11
1 42.00 1.07 0.25 36.00 48.00 24 118.00 3.00 2.81
1 48.00 1.22 0.19 36.00 54.00 24 124.00 3.15 2.58
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Separator sizing

CONTINUATION
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Horizontal separator sizing O ‘

F‘ Seam-to-Seam Length = L __{

}_‘ Inlet Effective Length = L4 Exit ._{

- g
V‘Q
;‘ ..x_:'
Vv, [ L \

- E Vt ﬁx

N Trajectory of
| ¥
Liquid Design Liquid
Drop. de
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Horizontal separator sizing O '

}_- Seam-to-Seam Length = L _{

I‘" Inlet Effective Length = L4 Exit

(=
NI
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Horizontal separator sizing O

h L A, =A4,+A
V: V
D2
A.C. — = Ag+ A
Yo Lerr | W@o/Ag) _Lerr | Qg _Lerrig
V: hyg V; hg V: hg
LoerA
Gas Capacity ——> errfg Yo
hg V:
Half Full
D, A, nD? 4 Qq

hg:hl:7—> Angl_7_ 3 Lefva>EVt
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Horizontal separator sizing O ‘

Liquid Capacity t Qp = LesrAy

Half Full Lefng =
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Horizontal separator sizing O ‘

F‘ Seam-to-Seam Length = L __{

}_‘ Inlet Effective Length = L4 Exit ._{

N T
\r»'\fg
i “""“"-‘
Vg - = Vk\-\
—— t ﬁ -
N Trajectory of
Liquid gfosiggl;puqmd

4
Max( L3S = eff+d ;o Lgs =§Leff)
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Horizontal separator sizing O ‘

Qg = 11803 scm/hr
Q, = 13.25m3/hr
pg = 59.6 kg/m>

po = 825 kg/m3

Uy = 0.013 cp

d,, = 140um

z =0.84

P =6900 kPa
T=156C

Exercise

Seam-to-Seam Length = L

Effective Length = Ly

IAAAA

Liquid

P

AT
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Horizontal separator sizing

Qg = 11803 scm/hr
Q, = 13.25m3/hr
pg = 59.6 kg/m>

po = 825 kg/m3

Uy =0.013 cp

d,, = 140um

z =0.84

P = 6900 kPa
T =156C

V; =0.144m/s

'

Gas Capacity

7]

LepgDy =~ 7

I

Liquid Capacity

t 0,8
LessDi =

Exercise

t(min) Dv (in) Dv(m) Gas Leff (m) Liquid Leff(m) Lss(m) Sr=Lss/D

3.00 16
3.00 20
3.00 24
3.00 30
3.00 36
3.00 42
3.00 48
t = 3min

0.406
0.508
0.610
0.762
0.914
1.067
1.219

D, = 0.914m = 36in

0.88
0.70
0.59
0.47
0.39
0.34
0.29

10.21 13.62 33.51
6.54 8.72 17.16
4.54 6.05 9.93
2.91 3.87 5.08
2.02 2.69 2.94
1.48 1.98 1.85
1.13 1.51 1.24

Lgs = 2.69m
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Horizontal separator sizing- ® ‘
Other than half full

A‘U = Ag + Al
D2 A = ad, Ag=4,(1-a)
—L=A,+A4
4 9 : h = D = —
hl _ 'BDV l ﬁ v hg Dv(l ﬁ)
) t t —
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(S| units)

1-§
1-a

Design equation constant,

90.0

80.0

70.0

60.0 —

50.0

40.0

30.0

0.20

I I
0.40 0.60 0.80
Fractional liquid height in separator (S| UNITS)

1.00

Ratio of liquid height to total height, B (SI units)

0.0

0.1

02

0.3

D4

0.5

06

0.7

0.8

0.9

\
3\
Relationship Between
Ratio of Heights
and Ratio of Areas
for Horizontal Separator
N
AN
N
AN
\\
AN
AN
N
N
AN
AN
AN
N
N
N
N
N\
\
\
\
0.0 02 04 0.6 0.8 1.0

Ratio of liquid area to total area, « (S1 units)
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Horizontal separator sizing-

Other than half full

Ay, =A4+4;
5
T = Ag + Al
h; = BD,
Ag Q
Gas Capacity eff =g
hy Vt
Liquid Capacity t Qp = LesrAy —

Al = C(Av
= BD,
Qg 4 (1-p)
LeffD - Vi m(1-a)
t Q4
LesfDy = —

A, = A,(1—-a)
hg = D,(1-p)
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