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MULTIPHASE FLOW

Successfully Speclfy
Three-Phase
Separators

Here is a stepwise

procedure for
designing

liguid/liquid/vapor
| separators.

Wayne D. Monnery and William
Y. Svrcek,
University of Calgary

JOR N

t is often necessary to separate two
immiscible liquids, the light and
heavy phases, and a vapor. A typi-
cal example in petroleum refining
is the separation of water, and a hydro-
carbon liquid and vapor. Little has
been published on three-phase (lig-
uid/liquid/vapor) separation, with
most information available only in
corporate design files. This article
attempts to alleviate this situation by
covering the basics of three-phase sep-
arator design. The authors provide a

Step-by-Step procedure and worked

out examples. Further, the examples
offer guidance on making assumptions

for the calculations.

Selecting three-phase separators

As with two-phase designs, three-
phase units can be either vertical or hor-
izontal, although they typically are hori-
zontal (see Figures 1 and 2). The verti-
cal orientation, Figure 1, is only used if
there is a large amount of vapor to be
separated from a small amount of the
light and heavy liquid (< 10-20% by
weight). Unfortunately, there are no
simple rules for separator. selection.
Sometimes, both configurations should
be evaluated to decide which is more

~ economical. Further, the available plot

space (footprint) may be a factor.

The design of three-phase separators
is' similar to their two-phase counter-
parts, except that the liquid section dif-
fers. For the vertical type, a baffle com-
monly keeps the liquid separation

section calm to promote the separation.

There are different variations of hor-
izontal three-phase vapor-liquid separa-
tors. The liquid separation section is
usually a variation of a device to provide
interface level control, which may

~include a boot or a weir. A boot typical-

ly is specified when the volume of heavy
liquid is not substantial (< 15-20% of
total liquid by weight), while a weir is
used when the volume is substantial.
These horizontal separators are illustrat-
ed in Figure 2. The bucket-and-weir
type design is used when interface level
control may be difficult, such as with
heavy oils or when large amounts of an
emulsion or a paraffin are present (1).

Stokes’ law applies

Separating a vapor from a light liquid
(two-phase separation) has been covered
in a previous article (2) and will not be
discussed here. However, all necessary
information for performing this part of
the calculation is provided here. The fol-
lowing discussion covers the separation
of light and heavy liquids.

The flow of rising light droplets in
the heavy liquid phase or settling heavy

droplets in the light liquid phase is con-

sidered laminar and is governed by
Stokes’ law:

= 18u

where 1,488 converts viscosity of the
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B Figure 1. Vertical three-phase separators are used with high

vapor loadings.

continuous phase from 1b/(ft)(s) to cP.

Simplifying Eq. 1 and converting
the units of the terminal settling
velocity to in./min from ft/s results in:

2.06151 x 10°DX(py - po)
UT: IJ_

@
where D is in microns (1 micron =
3.28084 x 106 feet) and Uy, in./min.

Eq. 2 may be rewritten as:

UT - kS(plil_pL) 3)

where
ky=2.06151 x10°D? .

Values of kg are given for some sys-
tems in Table 1.

From Eqgs. 1-3, it can be seen that
the settling velocity of a droplet is
inversely proportional to the viscosi-
ty of the continuous phase. Hence, it

Vapor is more diffi-
nozzle ! cult (requires
T more time) to set-
tle the droplets
T out of the contin-
gin. Wire mesh uous phase with
the greater vis-
Hp D cosity, since Uy is
Y ) Feed lower. Practically
1-in. nozzle speaking, U, is
o Ho vent Maximum typically limited
T H,| Surge g,lgl in calculations
N to 1_0 in./min

Bafflo : maximum.
‘ r Ha N 4_701 * For vertical sep-
Li/;; ht J& A arators, th.e diame-
liquid aed Baffle to provide ter reql}lred for
nozzle ||H - |~ calming zone is _ vapor disengage-
' TInterface recommended ment is calculated
heavy liquid Section A-A as in our previous
Hu ; - article (2). In siz-
ing a separator, the
heights of the light
He;_vy b and heavy liquids
liquid nozzle are assumed, and
_ the settling veloci-
ties and settling

times are then
calculated.

The residence times of the light and
heavy liquids are determined next. For
the liquids to separate, the residence
time of the light liquid must be greater
than the time required for the heavy
droplets to settle out of the light liquid
phase; and the residence time of the
heavy liquid must be greater than the
time required for the light liquid
droplets to rise out of the heavy liquid
phase. If these conditions are not satis-
fied, then liquid -~
separation is con-
trolling and the
vessel diameter
must be increased.
Holdup time for
liquids must be
added to residence
time. The height
of the vertical
three-phase sepa-
rator is calculated
in the same man-
ner as for the two-
phase case.

Nonyl alcohol ~
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~Methyl isobutyl ketone

For horizontal separators with a
given diameter, the heights of the light
and heavy liquids are assumed so that
the cross-sectional area can be calcu-
lated. With the vapor disengagement
area set by guidelines, the léngths
required by holdup requirements and
vapor/liquid separation are calculated.
Then, with the assumed heights of the
light and heavy liquids and calculated
values of settling velocities, the set- -
tling times are calculated.

- The actual residence times for the
light ‘and heavy liquids are subse-
quently calculated and compared with
the required settling times, as in the
vertical case. If the residence times
are not greater than the required set-
tling times, then either the diameter
should be increased or, for a given
diameter, the length should be
increased (liquid separation is con-
trolling). In the subsequent design
procedures, the latter approach is

. used, along with the procedures dis-

cussed in our previous paper for

- vapor/liquid separation (2).

The following design procedures
and heuristics are a result of a review
of literature sources and accepted
industrial design guidelines.
Horizontal design procedures are pre-
sented for the four separator types
shown in Figure 2. The horizontal
design procedures incorporate opti-
mizing the diameter and length by
minimizing the approximate weight
of the shell and heads. To add a degree
of conservatism to the design, the vol-
ume available in the heads is ignored.

Table 1. Typical values of kg for
liquid-liquid separations.




1. Interface control

3. Interface control with weir

Feed Vapor Feed Vapor
inlet outlet inlet outlet
—ANT— —NI— —ANTF— —TNf—
, | Min.12in. ] Min. 12in.
H
’ CHL | Min12in. ’ Y Min. 12in.]  eir L
\ LL Holdup/surge NLL K { Light liquid o = e
\ Light liquid Interface Hymint| /1 —— Interface Light liquid -
Heavy liquid 4 Hyy, i 11 haguf;g Heavy liquid Hi - | Holdupsurge LLL
outlet A J— —L
Heavy liquid Heavy Light
outlet liquid liquid
l . | outlet outlet
I D —| N |~ N
N ! Ly i“‘ L, =
Min. N + 6 in.
2. Interface control with boot 4. Bucket and weir
Feed Vapor Feed Vapor
inlet outlet inlet outlet
—NTF— — NI— —ANTF— —T N
Min. 12in.
H, H,
e Min. 12in.
D b Light liquid
K Light liquid holdup/surge NLL / ' ( ontq Cight W
’ . H min. | Heavy liquid 06D B Hea:
Light | PLLvy 12| A gy g, iqui
Interface liquid ,_Sin. outlet J_ j_N
Heavy Hus II-.Iea\_/gl ILIghé
Ui iqui iqui
liquid Hi outlet outlet
| | ] | ]
I TR P Y
eavy liqui
o&lﬂec: ' Note: N=1/2 dy+6in.
; L | dy=Nozzle dia.

- Figure 2. Basic designs of horizontal three-phase separators.

Vertical design procedure
Refer to Figure 1 for dimensions:
1. Calculate the vertical terminal
vapor velocity:

172

Py .
Calculate the K value, using one of
the methods in Table 2 and set Uy, =
0.75U; for a conservative design.
2. Calculate the vapor volumetric
flow rate:

—_ WV
Qv =3 500p,

3. Calculate the vessel internal
diameter, Dy

®

4QV )1/2 (6)

DV =(n—(]‘/

If there is a mist eliminator, add 3-6
in. to Dy, to accommodate a support
ring and round up to the next 6-in.
increment to obtain D; if there is no
mist eliminator, D = Dy,

4. Calculate the setting velocity of
the heavy liquid out of the light liquid
using Stokes’ law (the maximum is 10
in./min):

_ ks(Pu—pL)
293

where kg is obtained from Table 1 or is

calculated (see Eq. 3). . ¢

U, ™

S. Similarly, calculate the rising
velocity of the light liquid out of the
heavy liquid phase using Stokes’ law:

U, = kS(prH_ Pr)

6. Calculate the light and heavy
liquid volumetric flow rates, Q;; and

O

®

_ WL 9
QLL"' 60pL ( )
_ W
On= g0 (10)

7. Assume H; = 1 ft (minimum)
and calculate the settling time for the

CHEMICAL ENGINEERING PROGRESS  SEPTEMBER 1994 31
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where Dpis in ft.
Note: 1 micron = 3.28084 x 10% ft

RE heavy liquid droplets to settle through
L this distance (12 is a conversion factor
for ft to in.):

. _loH,

HL Un
8. Assume Hy = 1 ft (minimum)
and calculate the settling time for the

light liquid droplets to rise through
this distance:

_ 12H, (12)

an

9. If there is a baffle plate, calcu-
late the area:

a. Calculate (p; - py)-

b. Assume Hy (use 9 in. as a mini-
mum) and calculate H; + Hg.
i c. Use Figure 3 to obtain G.
i d. Calculate Ap: :
5 See Eq. (13) in the box.

e. Assume Wj, =4 in.

f. Calculate W, /D,

32 .

SEPTEMBER 1994 ©

(748 gal 60 min) (Qu+ Qu)
Ap= Y h G
B Equation 13
— 53.95- 0. 6973
U,=0.313 3= =274 fus
-M Equation E1
0,=— 210001/ _ 46535 g5
3,600 s/h x 0.6973 1b/ft
B Equation E2
_ /4 X 165.32 ft/s
Dyp= O3S =10.13 1t
B Equation E3
16,5000 Ib/h 5y
= 2 =5.10 ft'/
Q1= 60 min/h x 53.95 I/fC mn
B Equation E4
On = : 1,300 Ib/h 5=0.35 ft’/min
60 min/h x 62.11 1b/ft
B Equation E5

g. Use Table 3 to determine Aj, /A.
h. Calculate A= (n/4)D2.

i. Calculate A,

j- Select the larger value of Ap,

k. Calculate the area of the baffle

“plate = settling area for the light lig-
uid; Ap =

A-Ap.

10. Calculate the residence time
of each phase based on the volumes
occupied by the light and heavy
phases:

0, = HQL?LL (14a)
HyA,.
0= ——é*f (14b)

If 0,, <ty or By, < t, increase
the diameter and repeat the procedure
from Step 7 (liquid separation is con-

. trolling). Note that Ay = A.

11. Calculate the height of the
light liquid above the outlet (holdup

"CHEMICAL ENGINEERING PROGRESS

height) based on the required holdup
time:

_9Quly
Hp= A, (15)
Check this value with that assumed
in Step 9b to ensure that the assumed
value is reasonable. If surge is not
specified, calculate the surge height
based on surge time:

H,= (Qu, +AQHL)TS ’ (16)

The minimum is 6 in.
12. Calculate the vessel height
sing the guidelineS'
= 6 in. minimum.
Hgy = Y2 dy, + greater of (2 ft or H
+ 0.5 fr).
Hp = 0.5D or a minimum of:
36 in. + Y2d, (without mist
eliminator), or
24 in. + Yad,, (with mist eliminator):

o —




Table 3. Cylindrlcal height
and area conversio

- g=-36.999376
S h=10529572
i=9.892851

* = Or equivalent expressions, such as H,/D
to AJ/An

H.=Hy+H; + Ho+ H, + Hp +
H, a7

If a mist eliminator pad is used,
additional height is added as shown in
Figure 1. S

Example 1

Size a vertical separator with a baf-
fle plate and wire-mesh mist elimina-
tor to separate the mixture given in
Table 4. The operating pressure is 165
psia, and it is necessary to have a
hydrocarbon liquid holdup time of 25
min and a surge time of only 5 min.

1. Calculate the vertical terminal
velocity. Using Table 2, calculate K
using the York Demister "equations,
see Eq. E1 in the box.

and U, =0.75 x 2.74 = 2.05 ft/s.

¢ 11000 30in.
27in.

N —

£ 10000 24in. .

[e %

2

% 21in.

= 9000 —

s -

3 18in.

<

re]

s 8000 —

3

®© . .

. 7,000 [— High liquid level above interface

6000 | L |
15 20 25 30

pL-Py, I/

35 40 45 50

B Figure 3. G is found from the downcomer allowable flow.

Table 4. Data for Example 1.

the time for the
light liquid to
rise out of the
heavy liquid
phase:

ty=(12) (1.0)

Waer | W, =130 |

py=6211

/1.74 = 6.9 min

2. Calculate the vapor volumetric
flow rate, see Eq. E2 in the box.

3. Calculate the vessel inner diam-
eter, see Eq. E3 in the box.

Use D =10.5 ft.

4. Calculate the settling velocity of
the heavy liquid out of the light liquid
phase. Using Table 1, kg = 0.163.
Then:

Uy, = 0.163(62.11 — 53.95)/0.630
=2.11 in./min

S. Calculate the settling velocity of
the light liquid out of the heavy liquid
phase: . ‘

U,y = 0.163(62.11 — 53.95)/0.764
=1.74 in./min

6. Calculate the light and heavy
liquid volumetric flow rates, see Eq.

. E4 and ES in the box.

7. Assume H; =71 ft and calculate
the time for the heavy liquid to settle
out of the light liquid phase: :

ty = (12) (1.0) /2.11 = 5.7 min

8. Assume Hy; = 1 ft and calculate

9. Calculate

the baffle plate area:

pL— Py =5395-0.6973 = 53.25
1b/ft3

* Assume Hy=121in., H, + H, =24
in. Using Figure 3, G = 9,800 gph/ft2.

Ap = (7.48 gal/ft3)(60 min/h) (5.10
+ 0.35)(ft%)/9,800 gph/ft3 = 0.25 ft2

\ *Assume Wj,=4in.:
WyD =4/(12 x 10.5) = 0.0317

Table 5. Inlet nozzle sizing.

CHEMICAL ENGINEERING PROGRESS ® SEPTEMBER 1994 * 33
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TR S I TR

Table 6. Liquid holdup and surge times.

- Instrumentation

Experienced 10 Well lhstrumehﬁ;d ‘

Trained 12 Standard Instrumented 1.2
» Inexperienced 15 -~ Poorly Instrumented 15
16,500 1,300 _ 3
=17.800 %X 53.95 + = oan 17,800 %X 62.11 = 54.55 Ib/ft
M Equation E6
172
dyz| S21034L | =173 1t
TY/0.730
W Equation E7

34 o SEPTEMBER 1994 © CHEMICAL ENGINEERING PROGRESS

* Using Table 3, A,/A = 0.0095:

A = (m/4)(10.5 ft)? = 86.59 ft?

Ap = (0.0095) (86.59 ft2) = 0.82 ft?
s Use A, = 0.82 ft2.

A, =86.59-082= 85.77 ft2

10. Calculate the remdence time of .

each phase:
0, = (L 0 ft) (85.77 ft2)/5.10
ft3/min = 16.8 min

0y, = (1.0 ft) (86.59 ft2)/0.35
ft3/min = 247.4 min

11. Calculate the height of the light
liquid above the outlet, based on
holdup:

= (5.10 ft3/min) (25 min)/85.77
ft2 = 1 5ft ‘

Hg = (5.10 + 0. 35)(ft3/min) (5
min)/86.59 ft2 = 0.31 ft ‘

Use Hg= 0.5 ft.

12. Calculate dy according to
Table 5:

A= 0O, + QV) (5.10 +
0.35)/(5.10 + 0.35 + 165.32 x 60) =
0.0006

Use Eq. E6 (see box) to calculate
Pr-

= p At pl = A) = (54.55)
(0. 0006) + (0.6973) (1 — 0.0006) =
0.730

0Oy = 165.32 +(5.10 + 0. 35)/60 =
165.41 ft3/s

Use Eq. E7 (see box) to calculate dy.

dy = 21 in; use dy = 24 in.
Calculate Hp:

H,=0.5(10.5)=5.25 ftor

Hp =24 +24/2 = 36 in. = 3.0 ft
(minimum)

Use Hp, =5.5 ft. From Figure 1, Hy
=1 ft and s = 0.5 ft. Calculate Hpy:

Hpy="20ft)+2ft=31t

Set H, = 0.5 ft. Final dimensions:

D =105 ft, H, = 1.0 ft, H, = 1.0 ft,

Hp=151t, H, =05 ft, HBN—3Oft
and Hp=55 ft Add 1.5 ft for the mist
eliminator.

H =140 ft

H,/D =14.0/105=13

Add 2 ftto Hy (Hy =2.0 ft, Hp =
7.0 ft) so that H/D = 1.52 (Hy/D
should be in the range of 1.5 to 6.0).

Horizontal design procedure:
no boot or weir

1. Calculate the vapor volumetric
flow rate, Qy, using Eq. 5.




2. Calculate the light and heavy
liquid volumetric flow rates, Q;, and
Q> using Egs. 9 and 10.

3. Calculate the vertical terminal
velocity, Uy, using Eq. 4. (select a K
value from Table 2) and set U, =
0.75U,.

4. Select holdup and surge times
from Table 6 and calculate the holdup
and surge volumes, V,; and V, (unless
surge is otherwise specified, such as a
slug volume):

(18)
(19)

V= /TH o
Vs=T50;

5. Obtain an L/D from Table 7 and
initially calculate the diameter
according to: c

173

AEAL
| 0.57(L/p)

Calculate the total cross-sectional
area:

(20)

oD
174

6. Set the vapor space height, H,,
to the larger of 0.2D or 2 ft; 1 ft if
there is no mist eliminator. Using
H\/D in Table 3, obtain A /A, and cal-
culate A,

7. Set the heights of the heavy and
light liquids, H,;, and H;,."

8. Find (A, + A, )AL, using (Hy;
+ H;)/D in Table 3, and calculate A,
+ A

9. Calculate the minimum length to
accommodate the liquid holdup/surge:

21

_ 7 Vi +Vs
Ar-Ay - (Am+AL)

L 22)

10. Calculate the liquid dropout
time:

¢=HV/UV

- 11. Calculate the actual vapor

(23)

Table 7. L/D ratio guidelines.

velocity:

U = Qv/Ay (24)
12. Calculate the minimum length
required for vapor/liquid separation:

Lyy=Uys 0

13.If L < Ly, then set L = L,
(here, vapor/liquid separation con-
trols). This simply results in some
extra holdup and residence time. If L
<< Ly, then increase Hy and recal-
culate A,, and repeat, starting from
Step 9. If L > L,,,, the design is
acceptable for vapor/liquid separa-
tion. If L >> L, (liquid holdup con-
trols), L can only be reduced and L,
increased if H, is reduced. H, may
only be reduced if it is greater than the
minimum specified in Step 6. (With
reduced Hy, recalculate A, and repeat
the procedure from Step 9.) Note: For
this and other calculations, “much
greater than” (>>) and “much less
than” (<<) mean a variance of greater
than 20%.

14. Calculate the settling velocities
of the heavy liquid out of the light lig-
uid phase and the light liquid out of the
heavy liquid phase, Uy, and U, , using
Eqgs. 7 and 8 (find kg from Table 1).

15. Calculate the settling times of
the heavy liquid out of the light phase
and the light liquid out of the heavy
phase:

- (25)

ty=12(D - Hy— Hy)IU,, (26)
tp=12 Hy /U, 27)

16. Calculate the residence times
of the light and heavy liquids:

Opr = Ay LIQy;, (28)

(AT -Ay— AHL)L (29)
Ou

17.If 0, <ty or O <ty then
increase the vessel length (liquid sep-:
aration controls):

eLL =

hﬂgbm QMQLL

I A [ A a)

SRR (30)

18. Calculate I/D. If L/D << 1.5,
decrease D (unless it is already at its
minimum), and if L/D >> 6.0 then
increase D; repeat from Step 5.

19. Calculate the thickness of the
shell and heads according to Table 8.

. 20. Calculate surface area of the
shell and heads according to Table 8.

21. Calculate the approximate ves-
sel weight according to Table 8.

22. Increase or decrease the vessel
diameter by 6-in. increments and
repeat the calculations until the /D
ratio ranges from 1.5-6.0.

23. Using the optimum vessel size
(minimum weight), calculate the nor-
mal and high liquid levels: ’

H,, =D-H, 31)

Ayp =@y +A) + VL (32)

Obtain Hy;; using Table 3 with the
value of Ay, ,/A;.

Horizontal design procedure:
heavy liquid boot

1. Calculate the vapor volumetric
flow rate, Oy, using Eq. 5.

2. Calculate the light and heavy
liquid volumetric flow rates, Q,, and
Qur» per Egs. 9 and 10.

3. Calculate the vertical terminal
velocity, Uy, using Eq. 4 (the K value
comes from Table 2) and set U, =
0.75 Uy. '

4. Select holdup and surge times
from Table 6 and calculate the holdup
and surge volumes, Vj; and Vi, from
Egs. 18 and 19 (unless surge is-other-
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wise specified, such as slug volume).
5. Obtain L/D from Table 7 and
initially set the diameter according to:

D=|——+ (33)

Then calculate the total cross-sec-
tional area, A, using Eq. 21. '

6. Set the vapor space height, Hy,
to the larger of 0.2D or 2 ft (1 ft if
there is no mist eliminator). Using
H,/D in Table 3, obtain A /A and cal-
culate A,. R ,

7. Set the light liquid heights in the
vessel and boot, H,;,, and Hy;p.

8. Calculate the cross-sectional
area of the light liquid above the bot-
tom of the vessel, A, using H;,,/D
in Table 3.

9. Calculate the minimum length to
accommodate the liquid holdup/surge:

Vy +Vs
AT - AV - ALLV

10. Calculate the liquid dropout
time, ¢, using Eq. 23.

11. Calculate the actual vapor
velocity, Uy,, using Eq. 24.

12. Calculate the minimum length
required for liquid/vapor separation,
L,y using Eq. 25.

13. If L < L, then set L = Ly,
(vapor/liquid separation controls).
This simply results in some extra
holdup and residence time. If L
<<L,- then increase Hy, and recalcu-
late A, then repeat from Step 9. If L >
L,y the design is acceptable for
vapor/liquid separation. If L >> Ly,
liquid holdup controls. L can only be
reduced and L,y increased if Hy is
reduced. H, may only be reduced if it
is greater than the minimum specified
in Step 6.

With reduced H,, recalculate A,
and repeat from Step 9.

14. Calculate the settling velocity
of the heavy liquid out of the light lig-
uid phase, Up;, using Eq. 7 (obtain kg
from Table 1).

15. Calculate the settling time of

L= (34

the heavy.liquid out of the light liquid
phase:

ty =12 (Hy g+ D - H)/Uy, (35)

16. Calculate the residence time of
the light liquid:

A—A,IL
eLL:% (36)

Note: This volume of light liquid
ignores the light liquid volume in the
boot.

17. If 6;; < t, then increase the

vessel length (liquid separation con-
trols):

— tHLQLL (37)
(Ar-4).

18. Calculate L/D. If L/D << 1.5
then decrease D (unless it is already at
a minimum) and if L/D >> 6.0 then
increase D; repeat from Step 5.
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Table 8. Wall thickness, surface area,
and approximate vessel weight.

19. Calculate the thickness of the
shell and heads according to Table 8.

20. Calculate the surface area of
the shell and heads according to Table
8.

21. Calculate the approximate
weight of the shell and heads accord-
ing to Table 8.

22. Increase or decrease the vessel
diameter by 6-in. increments and
repeat the calculations until L/D
ranges from 1.5-6.0.

" 23. With the optimum vessel size
(minimum weight), calculate the nor-
mal and high liquid levels: -

Hy =D -H, (38)

Ay = Ay + Vi/L 39)

Determine Hy,;; using Table 3 from
Anu/Ar, ) :

24. Design the heavy liquid boot:
Set the height of the heavy liquid,
Hy,;; calculate the rising velocity of
the light liquid out of the heavy liquid
phase, U,, using Eq. 8 (find kg from




Table 1); set Up = 0.75 Upy; calculate
the heavy liquid boot diameter: -

, - ,
D=/ 3120 " o)
Then calculate the settling time of the
light liquid out of the heavy liquid
phase

" tw;leHL/_Uu", I (@1

~ Calculate the residence time of the
. heavy liquid:

mﬁh

eHL a 4QHL

(42)

If O < tiys then increase the boot
diameter.

Hdrizontai design procedure:
weir . S

1. Calculate the vapor volumetric
flow rate, Q,, using Eq. 5.

2. Calculate the light and heavy
liquid volumetric flow rates, Q,; and
Oy as per Egs. 9 and 10.

3. Calculate the vertical terminal
vapor velocity, Uy, using Eq. 4 (find K
from Table 2) and set U, = 0.75U.

4. Select holdup and surge times
from Table 6, and calculate the holdup
and surge volumes, V,; and Vg, from
Egs. 18 and 19 (unless surge is other-
wise specified, such as a slug volume).

5. Obtain L/D from.Table 7 and

initially calculate the didmeter
according to:
1/3
[ 16(v+ v 43)
0.6(L/p)

Then calculate the total cross-section--

al area, A, using Eq. 21.

6. Set the vapor space height, H,
to the larger of 0.2D or 2 ft (1 ft if
there is no mist eliminator). Using
H,/D in Table 3, obtain A,/A; and ¢al-
culate A,.

7. Calculate the low 11qu1d level in

Table 9. Low liqid level height.

the 11ght hqu1d compartment usmg

Eq 44 or read 1t from Table 9

: Where D isin feet and H,,; in mch-

es (round up to nearest in.). If D < 4.0
ft, then H,,; = 9 in. Using H,,,/D in -

Table 3, Calculate A;;;.
8. Calculate the weir height:

H,=D-H, 45)

If Hy, < 2 ft, increase D, and repeat
the calculations from Step 6.

9. Calculate the minimum length
of the light liquid compartment to
accommodate holdup/surge L, in
Figure 2 :

L= -4 —A;

Round to the nearest %2 ft. The
minimuth for L, = dy + 12 in.

10. Set the interface at the height
H,/2, obtaining the heights of the
heavy and light liquids, Hy; and H,;.

11. For the liquid settling com-
partment, calculate the cross-section-
al area of the heavy liquid, using
Hy,/D in Table 3 and calculate the
cross-sectional area of the light liquid
from: ' /

Ay =Ar—-Ay-Ay 47

12. Calculate the settling velocity
of the heavy liquid out of the light lig-
uid phase, Up;, and the light liquid out
of the heavy liquid phase, U,, using
Eqs 7 and 8 (find kg from Table 1).

13. Calculate the settling times of
the heavy liquid out of the light liquid
phase and the light liquid out of the
heavy liquid phase:

tyy = 12H, /Uy, 48)

Hyp = 0 5D + 7 N (44)

V4V, (46)

‘tLH:_leHL/ULH . 49)

14, Céiculate minimum L, to facil- .

_itate liquid-liquid separation as the
larger of: :

- AHL ALL

L, = max (—ILHQHL, —IHLQLL) G0

Round to the nearest 4 ft.
~15.Find L: .

L=L +L, (51)
1 2

16. Calculate the liquid dropout

“time, ¢, using Eq. 23.

17. Calculate the actual vapor
velocity, Uy,, using Eq. 24.
18. Calculate the minimum length

required for vapor//liquid separation,

Ly, using Eq. 25.

19. If L < L, then set L = L,y
(vapor/liquid separation controls).
This simply results in some extra
holdup and residence time. If L <<
L, then increase Hy, recalculate A,
and repeat the calculations from Step
6.1f L > L, the design is acceptable
for vapor/liquid separation. If L >>
Ly (liquid separation and holdup
control), L can only be reduced and
L,y increased if H, is reduced. H,
may only be reduced if it is greater
than the minimum specified in Step 9.
With reduced H, recalculate A, and
repeat from Step 9.

20. Calculate L/D. If L/D << 1.5,

~ then decrease D (unless it is already at

a minimum) and repeat from Step 6.
If L/D >> 6.0, then increase D and
repeat from Step 5.
21. Calculate the thickness of the
shell and heads according to Table 8.
.22. Calculate the surface area of the

-shell and heads according to Table 8.
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23. Calculate the approximate ves-
sel weight according to Table 8.

24. Increase or decrease- the diam-
eter by 6-in. increments andrepeat the
calculations until. L/D ranges from
1.5-6.0.

25. With the optimum vessel size
(minimum weight), calculate normal

there is no mist eliminator). Using
H,/D in Table 3, obtain A‘/AT and cal-
culate A,.

7. Calculate L;:

B (QLLeLL + QHLeHL) , (55‘)
Ll - _ AT _AV

and high liquid levels:
: ’ ’ " 8. Calculate the liquid dropout
' HHLL =D~ Hv (52) ~ time, ¢, using Eq. 23.
' , 9. Calculate the actual vapor veloc-
& ANLL ~ALLL + V;/L S (53) ity, Uy, using Eq. 24, ‘

Obtam Hy usmg Table 3 with
o ’ANLL/A v

Horizontal design procedure:
bucket and weir

1. Calculate the vapor volumetric
flow rate, Q,, using Eq. 5.

2. Calculate the light and heavy
liquid volumetric flow rates, Q;; and
Qp;, per Egs, 9 and 10. ‘

‘3. Calculate the vertical terminal
vapor velocity, Uy, using Eq. 4 (find K
from Table 2) and set U, = 0.75 U,.

4. Select residence times for hght
and heavy liquids, 6;; and 6. For-
sour water stripper feed drums, 6, =

60 min for teﬁﬁery service, or 10—15,'

min for chemical-plant service. For -

amine regenerator feed drums, 6, =
10-15 min.

‘5. Obtain L/D from Table 7 and
1n1t1ally set the diameter according to:

173

4(QLL6LL +QHL9HL) (54) -

0.70m(L/p)

Then calculate the total cross-section- .

al area, A7 using Eq. 21.
6. Set the vapor space height, H,,
to the larger of 0.2D or 2 ft (1 ft if

10. Calculate the minimum length
" required for vapor/liquid separatlon
L, using Eq. 25. ,
11.If L, < Ly, then set Ly = Ly
(Vaporlliquid separation controls).
This simply results in some extra
‘holdup and residence time. If L, <<
L, then increase Hy, recalculate Ay,
and repeat the calculations from Step
7.If L, > L, the design is accept-
able for vapor/liquid separation.
12. Calculate the light liquid layer

" thickness based on the heavy liquid

" settling out:

235,000 Ib/h

B Equation E10

' = 343.57 /s =0.175,/405-0.19 _
Qv'= 3600 wh x 0, 190 b’ | Ur=0.175/ =519 — =255 1t)s
B Equation E8 B Equation E11 |
450001/ [ ax277.80 \*_ .
Q1= 60 minvh x 40.5 T/ = 18.52 min 'D—(0-6WX1-7><‘/4) =B Tuse1LOK
B Equation E9 . B Equation E12
75001 3 o 277.80 _
Q= s =202 f0min - Ly= g AT s = 1454 T

B Equation Ei3

tLHQHL 20n11n><202ft /mm_045ft

Ay 8.93 ft*
M Equation E14
tHLQLL 2.0 min X 18. 52ft/mm =247 ft
Ay 15.02 ft*
B Equation E15
Qv _343.57 ft)s
U=t 4 83 ft/s
CTAT 108 Ee
W Equation E16 :
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0.001286,,(ASG|D;  (s6)

HLL = ‘ M’L

.where D, is in microns. -

13. Calculate the difference in
height between the hght and heavy
11qu1d weirs:

(67
AH = H,| g

" Pu

14. Design the light liquid bucket:
Set the top of light liquid weir = D —
H,; assume the bottom is at 0.125D;
assume a holdup/surge (typlcally,
5-15 min.); assume HLL is 6 in.
below the weir height and LLL is 6 in.

above the bottom of the bucket.:

Using Table 3 with Hy;,/D and
H,,;/D, calculate Ay;; and Ap;;.
Calculate L,:

_ (TH + TS)QLL

i —\ (A HLL — ALLL)

15. Assume L, is the larger of D/12
or 12 in.

16. Design the heavy liquid com-
partment: Set the top of the heavy lig-
uid weir = D — H, — AH; assume a
holdup/surge (typically, 5-15 min);
assume HLL is about 6 in. below the
weir height and LLL is about 6 in.
above the bottom of the vessel. Using
Table 3 with H, HLL/D and H LLL/D cal-
culate A, and A,

Calculate L;: :

(61

: ‘17 Calculate L L1 +L,+ L + L4
-18. Calculate L/D. If UD.<.<. L5,

" then decrease D and repeat from Step

— (TH +~ TS)QHL (59) 5.1f L/D >> 6. 0 then increase D and
4 ( A A ) repeat from Step 5. .
. HLL Lr -19. Calculate the thlckness of the

shell and heads accordmg to Table 8.
20 Calculate the s rface ‘area of
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Table 10. Data for Example 2.

~shell and heads a-ccofdi.ng‘to Table 8.
.21, Calculate the approximate ves- -

sel weight according to Table 8.
.22, Increase or decrease the dlam—

eter by 6-in. increments and repeat the -

“ calculations -until l/D ranges from
1. 5—6 0 ~

Example 2 ‘
Design “a- three- phase horizontal
separator with a weir to separate the

mixture in Table 10. The operating . -

pressure and temperature are 25 psig
and 100, respectively, and it is neces-
sary to have a liquid holdup and surge
time of 15 min.

1. See Eq. E8, box, p. 38

2. See Egs. E9 and E10, box, p. 38

3. K = 0.175 (the Gas Processors
Suppliers’ Association value in Table
2 was divided by 2 since there is no
mist eliminator).

See Eq. E11, box, p. 38 .

U,=0.75x2.55=1.91 ft/s

4. Holdup + surge as specified = 15

min.

Vy + Vg = (15 min) (18.52 ft3/min)
=277.80 ft3

Assume 10 min holdup, 5 min
surge.

5. Assume L/D =1.7.

See Eq. E12, box, p. 38

Aq=m/4 (11.0 ft)2 = 95.03 ft?

6. Since the mass rate of vapor is

N

about 82% of the loading, set Hy to be
much .greater than the minimum.

~ Assume H, = 0.70D = (0.70)(11.0 ft)

'7.70 ft. Using Table 3, AJ/A; =

,}0748 A, =71.08 f2
7.Hyy = (0.5)(11.0) +7 = 125in.,

use 13in.
H;;;/D =13/(11 0 x12)=0.098
Usmg Table 3, A;;,/A;=0.051

Ay = (0.051)(95.03 ft?) = 4.85 ft2

8. Hy,=11.0-7.70 =3.30 ft
9. See Eq. E13, box, p. 38
Use L, = 15.0 ft.
10. Hy; = H;; = 3.30/2 = 1.65 ft
11. Hy;/D = 1.65/11.0 = 0.150
From Table 3, Ay /A= 0.094

HL = (0.094)(95.03 ft2) = 8.93 ft2
1 =95.03-71.08-8.93=15.02ft2

12. From Table 1, kg = 0.333

Uy, = (0.333)(62.0 - 40.5)/0.24 =
29.83 in./min

Use 10 in./min (maximum)

U,y = (0.333)(62.0 — 40.5)/0.682 =

©10.50 in./min

Use 10 in./min (maximum)

13. 1, = (12 in/ft)(1.65 f)/10
in./min = 1.98 min, use 2.0 mins

t gy =ty = 2.0 min

14. See Egs. E14 and EI15, box,
p- 38

Use L, =3.0 ft.

15.L=3.0+150=18.0ft

16. ¢ =7.70 ft/1.91 ft/s=4.03 s

17. See Eq. E16, box, p. 38

55 x 132
2)(17500)(085_12 55+1/16—03071n
I Equation E17 S
 0885x55x132 oo
'n = 3% T7,500 X 0.85 ~ 0.1 55 16 =049 1n-
| Equatwn E18
_4901b OSOOIH( )
W= X 12 it \673 87 ft +2 x 101.88 £t = 17,920 Ib
M Equation E19 . S
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Table 11. Selection of vessel heads.

gn pressure a

18. Ly = (4.83 ft/s)(4.03 s ) =
195t .

19. Since L < Ly set L=19.5 ft
(setLZ- 16.0 ft, L; =3.510)

20 L'/D’—195/110—178

21. fAssume d1shed heads .per
Table 11,

Assume E = 0.85 :

Use SA-516 70 carbon steel,
design temperature = 650°

S = 17,500 psi; from Ref. (3).

Corrosion allowance = Y16 in.

P =25 + 30 =55 psig

~See Eq. E17, box on’ thls page.

Use t; =% in.

See Eq. E18, box on this page.

Usety =Y in;uset= 15 in.

22. Ag = m(1L0 ft) (195 ft) =
673.87 ft?

Ay =(0.842) (11.0 ft)2 = 101.88 ft

23. See Eq. E19, box on this page.

24. In this example, calculations
were performed for only one diame-
ter. However, nearly the minimum
L/D corresponded to a diameter of
11.0 ft; therefore, the next diameter
should be smaller, resulting in a
larger L/D. Also, calculations should
be performed using a diameter of
11.5 ft.

25. For the light liquid compartment:

Hy;, = Hy=33ft ~3ft, 4 in.

Ay =4.85+185.20/16.0 = 16.43 ft?

App/Ar=16.43/95.03 = 0.173

Using Table 3, Hy, /D = 0.229

Hy; =(0.229) (11. 0) 252 ft~
ft, 6 in.

H;;; =13 1in.

Comment: Due to the small
amount of heavy liquid and large
amount of vapor, a better design
would have used a boot. A vertical
vessel should be compared, as
well.
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